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RAPPORT  SUR  LE  CONCOURS  POUR  LE  PRIX  DE  S.  M. 
L'EMPEREUR  NICOLAS  U 

R.  BLANCHARD 

Secretaire  04n6ral  du  ComiU  Permanent  et  Secritaife  de  la  Commisnon 
IrUematianale  dee  Prix 

La  question  mise  au  concours  par  la  Commission  internationale 
des  prix  ^tait  la  suivante : 

NouveUes  recherches  experimerUales  svr  la  question  des  hybrides, 

Un  seul  m^moire  a  ^t^  pr^nt^,  en  r^ponse  k  cette  question;  par 
L.  Cu^not,  professeur  k  TUniversit^  de  Nancy. 

L'auteur  a  choisi  comme  materiel  la  Souris  domestique,  qui  se 
prete  bien  a  ce  genre  de  recherches  par  sa  f^condit^,  sa  facility  d'^levage 
et  la  multiplicity  de  ses  races.  Depub  sept  ans,  il  a  crois^  entre  elles 
et  dans  tons  les  sens  les  diff^rentes  formes  qu'il  a  pu  se  procurer,  en 
suivant  leur  g^n^logie  sans  lacune  durant  ce  long  espace  de  temps, 
jusqu'a  ce  qu'il  soit  arrive  a  ^tablir  une  thtorie  de  provision,  tellement 
certaine  qu'il  a  pu  pr^ire  a  Tavance  le  r^ultat  d'un  croisement  entre 
deux  races  diflP^rentes,  croisement  qui  n'avait  pas  encore  6t6  effectu^ 
jusqu'ici.    Voici  les  r&ultats  auxqueb  il  est  arrive : 

Les  caract&res  descriptifs  d'un  Animal  dependent  de  substances 
distinctes,  renferm^  dans  le  plasma  germinatif  (noyau?)  de  Toeuf 
ou  du  spermatozoide.  Ces  substances  sont  les  determinants,  que  Ton 
pent  d^gner,  faute  de  connaissance  de  leur  nature  chimique,  par  des 
lettres.  Chaque  determinant  est  susceptible  de  variation  ind^pendante. 
Cu^not  montre  que  la  couleur  du  pelage  et  des  yeux,  chez  les  Souris, 
est  en  rapport  avec  cinq  determinants.  Quand  Tun  d'eux  est  modifie, 
il  y  a  quelque  chose  de  change  dans  la  couleur.  De  plus,  ces  de- 
terminants sont  en  rapport  sans  doute  avec  bien  d'autres  caractferes 
que  la  couleur,  car  plusieurs  d'entre  eux  influent  certainement  sur 
la  sante  generale  de  TAnimal,  sa  vivacite,  etc.  Remarquons  en 
passant  Taccord  complet  de  ces  resultats  generaux  avec  ceux  obtenus 
recemment  chez  les  Giroflees  (Matthiola)  par  Bateson,  Saunders  et 
Punnett. 

Le  problfeme  de  la  transmission  hereditaire  des  caractferes  de- 


Digitized  by 


Google 


30       VII.    INTERNATIONAL  ZOOLOGICAL  CONGRESS 

scriptifs  est  done  en  r^lit^  le  problfeme  de  la  transmission  des  de- 
terminants; Cu^not  a  constat^,  le  premier  pour  la  zoologie,  que 
ceux-ci  suivaient  strictement  les  r^les  de  Mendel :  dominance  d'un 
determinant  sur  son  homologue,  disjonction  des  determinants  homo- 
logues  lors  de  la  formation  des  gamfetes,  de  telle  sorte  que  chaque 
gamete  renferme  un  sevl  lot  complet  de  determinants,  variant  de 
constitution  suivant  les  lois  du  hasard. 

Cu^not,  apr^  avoir  etabli,  pour  toutes  les  races  connues  de  Souris, 
ce  qu'il  appelle  la  formtde  herSditaire,  c*est-a-dire  la  liste  nominale  de 
leurs  determinants,  a  pu  donner  Texplication  trfes  simple  et  trfes  claire 
d'un  certain  nombre  de  problfemes  singuliers  de  Theredite : 

L  Par  exemple,  resoudre  le  paradoxe  de  Darbishire.  En  croisant 
deux  races  de  Souris,  toutes  deux  a  yeux  rouges,  parfaitement  con- 
stantes,  on  obtient  infailliblement  des  hybrides  a  jeux  noirs,  par  suite 
du  groupement  de  determinants  pigmentaires  qui  etaient  separes  et, 
par  suite,  non  effectifs  dans  Tune  et  Tautre  races. 

2.  En  croisant  une  Souris  absolument  blanche  et  une  autre 
presque  toute  blanche,  on  peut  obtenir  a  coup  siir  une  Souris 
entiferement  pigmentee;  cela  tient  a  ce  que  la  premifere  renferme  le 
determinant  du  pelage  uniforme  et  n'a  pas  le  determinant  du  pigment, 
tandis  que  la  seconde  a  le  determinant  du  pelage  panache  (qui  est 
domine  par  son  homologue  du  pelage  uniforme)  et  possfede  le  de- 
terminant du  pigment;  le  groupement  donne  des  Souris  pigmentees 
k  pelage  uniforme. 

3.  Enfin,  Cuenot  a  donne  une  explication  probablement  definitive 
de  I'atavisme :  ce  n'est  plus  le  retour  a  Tactlvite  de  plasmas  ances- 
traux,  restes  latents  on  ne  salt  pourquoi,  mais  tout  simplement  la 
formation  d'un  groupement  de  determinants  dominants,  isoies  dans 
diverses  races,  combinalson  identique  a  celle  qui  determinait  chez 
Tancfetre  ses  caract&res  particuliers. 

Tant  par  la  precision  de  la  methode  que  par  Tlmportance  des 
resultats,  il  a  paru  a  la  Commission  que  ce  travail,  qui  resume  une 
longue  serie  d'experiences  ingenieuses  et  executees  avec  une  methode 
parfaite,  etait  digne  de  recevoir  le  prix  de  S.  M.  TEmpereur  Nicolas  II. 

Toutefois,  avant  de  prendre  une  decision,  la  Commission  s'est 
trouvee  en  presence  d'une  situation  tr^  delicate,  dont  il  est  de  mon 
devoir  de  dire  un  mot  dans  ce  rapport. 

Le  14  juin  1907  au  soir,  par  consequent  deux  semalnes  exactement 
aprte  la  cl6ture  du  concours,  le  Secretaire  de  la  Commission  re9ut  avis 
que  le  professeur  Standfuss,  de  Zurich,  posait  sa  candidature.  Trois 
jours  plus  tard,  il  recevait  un  volumineux  manuscrit  en  langue  alle- 
mande,  accompagne  de  brochures  deja  publics,  de  photographies 
et  de  plusieurs  cartons  renfermant  des  Lepidoptferes.  Dans  ce  travail 
inedit,  le  Professeur  Standfuss  faisait  Texpose  methodique  des  re- 
cherches  experimentales  que,  depuis  un  grand  nombre  d'annees 
il  consacre  a  Tetude  de  Thybridite  chez  les  Papillons.    C'etait  assure- 
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ment  un  travail  de  haute  valeur,  bien  digne  d'etre  mis  en  balance 
avec  celui  du  Professeur  Cu^not. 

La  G>mmission,  pourtant,  n'h&ita  pas.  Elle  entrevit  que,  si 
elle  admettait  a  concourir,  en  raison  de  sa  valeur  exceptionnelle,  le 
travail  du  Professeur  Standfuss,  bien  qu'arriv^  plus  de  deux  semaines 
apr^  la  date  officielle  de  cldture  du  concours,  elle  constituerait  un 

Er^c^ent  des  plus  dangereux.    Aussi  a^t-elle  ^t^  unanime  k  exclure 
J  travail  du  Professeur  Standfuss. 

J'ai  done  Thonneur,  au  nom  de  tous  les  membres  de  la  Com- 
mission, de  proposer  au  vote  du  Congr^  les  resolutions  suivantes : 

1.  Le  prix  de  S.  M.  TEmpereur  Nicolas  II  est  attribu^  au  Pro- 
fesseur Cu^not,  de  TUniversit^  de  Nancy; 

2.  Une  mention  trfes  honorable  est  attribu^  au  Professeur 
Standfuss,  de  Zurich. 

—  Ces  conclusions,  mises  aux  voix,  sont  adopts  a  Tunanimit^. 
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IMPfiRIALE  DES  NATURALISTES  DE  SAINT-PfiTERS- 
BOURG,  INSTITUANT  LE  PRIX  A.  O.  KOVALEVSKY 

R.  BLANCHARD 

Pour  honorer  la  m^moire  du  c^l&bre  embryologiste  A.  O.  Kova- 
levsky,  membre  de  rAcad^mie  des  Sciences  de  Saint-P^tersbourg, 
la  Soci^t^  Imp^riale  des  Naturalistes  de  cette  ville  a  d^cid^  de  fonder 
un  prix  international,  au  sujet  duquel  le  Congr^  a  ^t^  saisi  officielle- 
ment. 

Voici  le  rfeglement  qui  est  soumis  a  notre  approbation : 

1.  Le  prix  qui  porte  le  nom  de  A.  O.  Kovalevsky  est  formd  des 
arr^rages  du  capital  des  donations  faites  en  m^moire  des  travaux  de 
ce  savant. 

2.  Le  capital  de  la  fondation  est  inalienable;  il  est  adminstr^ 
par  la  Society  Imp^riale  des  Naturalistes  de  Saint-P^tersbourg.  II 
est  d^pos^  a  la  Banque  de  r£tat,  sous  le  regime  des  r^glements  com- 
muns  a  tous  les  capitaux  d^pos^  par  la  dite  Society. 

3.  Le  prix  Kovalevsky  sera  d^cern^  tous  les  trois  ans,  a  partir 
de  1910.  II  consistera  en  une  m^daille  de  bronze  repr^sentant  le 
portrait  de  A.  O.  Kovalevsky  et  en  une  somme  de  250  roubles  ( =  625 
tr.).  En  meme  temps,  le  laur^t  recevra  un  dipldme.  Le  prix  ne 
pourra  pas  etre  divis^;  il  est  form^  des  arr^rages  du  capital  initial. 
Si  les  arr^rages  d^passent  250  roubles,  le  surplus  en  sera  vers^  au 
capital  de  la  fondation,  ainsi  que  les  donations  faites  apr^  la  publi- 
cation de  ce  rfeglement. 

4.  Au  cas  oil  le  prix  ne  serait  pas  d^cem^,  la  somme  de  250 
roubles  sera  ajout^  au  capital  initial. 

5.  A  mesure  de  Taccroissement  du  capital  initial,  le  montant  du 
prix  pourra  etre  Aev6,  ou  bien  de  nouveaux  prix  pourront  etre  cr^^s 
sur  la  d^ision  de  la  section  de  zoologie  et  physiologic  et  sur  la  ratifi- 
cation de  Tassembl^  g^n^rale  de  la  Society  Impdriale  des  Naturalistes 
de  Saint-P^tersbourg. 

6.  Pourront  concourir  au  prix  Kovalevsky  les  travaux  originaux 
de  morphologic  (anatomic  comparde  et  embryologie)  des  Invert^brfe. 
Ces  travaux  pourront  etre  ^rits  en  russe,  fran9ais,  allemand,  anglais 
ou  italien ;  ils  devront  avoir  ^t^  publics  au  courant  des  trois  ann^ 
pr^c^ant  la  cldture  du  concours.  Les  manuscrits  ne  sont  pas  admis 
au  concours. 

7.  Les  travaux  ayant  d^ja  obtenu  un  prix  quelconque  ne  pour- 
ront pas  concourir. 
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8.  L'annonce  du  concours  et  la  communication  de  c6  r^glement 
seront  faites  au  Congrfes  International  de  Zoologie  et  seront  public. 

9.  L'admission  des  travaux  au  concours  sera  close  un  an  avant 
la  proclamation  des  r^sultats  du  concours  par  le  Congrfes  International 
de  Zoologie. 

10.  Les '  travaux  devront  etre  pr^nt^  par  leurs  auteurs  k  la 
Soci^t^  Imp^riale  des  Naturalistes  de  Saint-P^tersbourg. 

11.  A  la  premifere  reunion  qui  suivra  la  cl6ture  du  concours,  la 
section  de  zoologie  et  de  physiologic  constituera  un  comity  de  trois 
membres,  qui  sera  charge  de  juger  les  travaux  pr^nt^  au  con- 
cours. Ce  comity  sera  compl^t^  par  trois  membres  ^lus  par  le  Congrfes 
International  de  Zoologie. 

12.  Les  membres  du  comity  auront  le  droit  de  s'adresser  a  des 
sp^ialistes,  parmi  les  savants  russes  et  Strangers,  pour  le  jugement 
des  travaux  present^s. 

13.  En  dehors  des  travaux  pr^sentfe  par  les  auteurs  eux-memes, 
les  membres  de  la  commission  auront  le  droit  de  presenter  au  concours 
des  ouvrages  choisis  par  eux. 

14.  La  d^ision  du  comity  sera  prise  a  la  majority  des  voix;  dans 
le  cas  ou  celles-ci  se  diviseraient  en  parties  ^gales,  la  voix  du  jH^sident  ■ 
sera  pr^pond^rante. 

15.  La  d^ision  motivfe  de  la  commission  sera  ratifi^  par  le 
Conseil  de  la  Soci^t^,  puis  communique  a  la  premiere  assemble 
annuelle  de  la  Soci^t^  et  au  premier  Congrfes  International  de  Zoologie 
qui  suivront  le  jugement  du  concours. 

16.  Les  rapports  sur  les  travaux  qui  auront  re9u  le  prix  seront 
public  dans  les  comptes-rendus  des  s^nces  de  la  Soci^t^  et  dans  ceux 
du  Congr^  International  de  Zoologie.  Les  rapports  sur  les  travaux 
qui  n'auront  pas  re^u  de  prix  seront  d^truits. 

17.  Les  prix  seront  remis  k  leurs  auteurs  ou  aux  h^ritiers  de 
ceux-ci,  mais  non  aux  6diteurs  des  travaux  r^compensfe. 

18.  La  pr&ent  rfeglement  ne  pourra  etre  modifi^  que  par  une 
deision  de  la  section  de  zoologie  et  physiologic,  ratifi^  par  Tassem- 
hl6e  g^n^rale  de  la  Soci^t^  Impdriale  des  Naturalistes  de  Saint- 
P^tersbourg.  Les  modifications  devront  etre  communique  au 
Congrfes  international  de  Zoologie.  Le  nom  du  prix  et  son  objet 
resteront  inunuables  a  perp^tuit^. 

0)mme  on  le  voit,  la  Soci^t^  Imp^riale  des  Naturalistes  de  Saint- 
Pdtersbourg  fonde  un  prix  triennal  de  625  francs;  elle  entend  se 
r&erver  le  droit  de  designer  le  laur^t,  suivant  des  conditions  sp^i- 
fi^s  plus  haut,  sans  que  le  Congrfes  International  de  Zoologie  ait  rien 
a  y  voir.  Le  nom  du  laur^t  sera  communique  au  Con^^,  qui  le 
proclamera  dans  Tune  de  ses  s^nces  g^n^ales. 

Le  Comity  permanent,  aprfes  en  avoir  d^lib^r^,  est  d'avis  d'ap- 
prouver  le  r^glement  propose  par  la  Society  Imp^riale  des  Naturalistes 
de  Saint-P^tersbourg;    il  applaudit  a  la  g^n^reuse  determination 
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prise  par  cette  savante  Compagnie;  il  constate  avec  un  sentiment 
de  vive  satisfaction  et  de  reconnaissance  que  le  Congr^  aura  d^ 
sormais  k  d^cerner  trois  prix,  qui  tous  trois  sont  fond^  par  les 
zoologistes  russes;  il  adresse  k  ces  derniers  ses  plus  sincferes  felicita- 
tions. II  ne  doute  pas  un  seul  instant  que  le  Congr^  tout  entier  ne 
partage  ces  sentiments. 

Au  texte  qui  pr^fede,  le  Comity  permanent  demande  qu'il  soit  fait 
une  seule  modification,  k  savoir,  que  la  derni&re  phrase  de  Tarticle 
11  soit  r^ig^  comme  suit: 

"  Ce  Comity  sera  complete  par  trois  membres  choisis  parmi  les 
membres  de  la  Commission  internationale  des  prix  du  Congrfes  In- 
ternational de  zoologie  et  d^gn^  par  la  Commission  elle-meme." 

Une  telle  modification  ne  change  rien  d'essentiel  aux  dispositions 
adopts  par  la  Society  Impdriale  des  Naturalistes  de  Saint-P^ters- 
bourg;  elle  a  Ta vantage  de  pr^ser  le  rdle  du  Congrfes  et  de  faire 
intervenir,  dans  le  jugement  du  concours,  une  Commission  d^ja  con- 
stitu^  dans  ce  but  et  a  laquelle  une  semblable  fonction  revient  de 
droit.  Nous  pensons  que  la  Society  Imp^riale  des  Naturalistes  n'd^ 
vera  aucune  objection  contre  le  changement  que  nous  vous  proposons 
.  d'apporter  aux  statuts  du  prix  A.  O.  Kovalevsky. 

—  Les  conclusions  de  ce  rapport  sont  mises  aux  voix  et  adopt^s 
k  Tunanimitd. 
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ZOOLOGICAL  NOMENCLATURE 

C.  W.  STILES 

During  the  Boston  meeting  of  the  International  Zoological 
Congress  the  International  Commission  on  Zoological  Nomencla- 
ture held  two  executive  sessions  and  one  public  meeting. 

The  following  eight  members  of  the  Commission  were  present: 
Blanchard  (President),  von  Graff,  Hoyle,  Jordan,  Osborn,  Stejneger, 
Studer,  and  Stiles  (Secretary). 

The  following  seven  members  were  not  in  attendance:  Daut- 
zenberg,  Horst,  Jentink,  Joubin,  M&hrenthal  (Secretary),  Schulze, 
and  Wright. 

At  the  executive  sessions,  the  Commission  decided  to  recom- 
mend certain  propositions  for  adoption  into  the  Code,  and  in  addi- 
tion rendered  certain  opinions. 

The  report  of  the  Commission  (see  p.  36)  was  read  at  the  second 
open  session  of  the  Congress  and  upon  request  of  the  Commission 
was  tabled  until  the  last  session,  in  order  to  give  members  of  the 
Congress  an  opportunity  to  present  any.  objections  they  might  have 
to  the  propositions  reconmiended. 

In  the  second  open  session  of  the  Congress  the  following  were 
nominated  as  members  of  the  Commission  to  form  the  Class  of 
1916,  rendered  necessary  by  the  expiration  of  the  term  of  service 
of  the  Class  of  1907:  F.  A.  Jentink  (Leyden),  F.  E.  Schulze  (Berlin), 
David  Starr  Jordan  (Palo  AJto,  Calif.),  L.  Stejneger  (Washington), 
and  F.  S.  Monticelli  (Naples). 

Upon  motion,  the  nominations  were  confirmed. 

In  the  open  meeting  of  the  Commission  the  Report  (see  p.  36) 
was  again  read,  seriatim,  and  various  sections  were  discussed.  No 
objection,  however,  was  raised  to  any  point  advanced. 

In  the  final  open  session  of  the  Congress  the  Commission  re- 
quested the  confirmation  of  its  report.  In  connection  with  this 
request  the  Secretary  (Stiles)  stated  that  the  provisions  of  the  Code 
with  the  amendments  proposed  by  the  Commission  would  operate 
to  adjust  satisfactorily  to  90  per  cent,  of  all  zoologists  approximately 
90  per  cent,  of  all  cases  that  arise ;  that  the  Commission  would  con- 
tinue its  work,  and  stands  ready  to  render  opinions  on  interpreta- 
tion of  the  Code  as  applied  to  intricate  and  obscure  cases;  that  a 
resolution  had  been  referred  to  the  Commission  requesting  the  prep- 
aration of  a  check-list  of  all  known  animals  of  the  world,  giving  the 
correct  name  of  each.    While  practical,  especially  financial,  considera- 
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dons  preclude  the  undertaking  of  such  a  work  at  this  time,  the 
Commission  has  under  advisement  a  plan  of  applying  the  provisions 
of  the  Code  to  the  names  of  the  more  common  and  better  known 
animals  of  the  world,  and  of  publishing  results  in  the  form  of  a  list 
of  several  thousand  such  approved  names,  with  a  request  to  zoolo- 
gists that  no  proposition  for  change  of  any  name  in  said  list  be  pub- 
lished until  such  proposition  together  with  the  reasons  therefor  shall 
have  been  submitted  to  the  Commission,  and  shall  have  received 
its  sanction  under  the  Code. 

Upon  the  motion  of  Gill  (Washington),  seconded  by  Allen  (New 
York),  the  report  of  the  Commission  was  unanimously  adopted. 

REPORT 

The  International  Commission  on  Zoological  Nomenclature  has 
the  honor  to  submit  the  following  report  to  the  Seventh  International 
Zoological  Congress: 

The  SLxth  International  Congress  referred  to  the  Commission  for 
consideration  and  report  a  paper  (presented  to  that  Congress)  urging 
that  "absolute  priority"  be  adopted  in  the  law  of  priority,  instead  of 
taking  1758  as  a  starting  point  for  zoological  nomenclature. 

While  appreciating  the  sentiments  which  gave  rise  to  the  proposi- 
tion in  question,  your  Commission  is  unanimously  of  the  opinion 
that  both  practical  and  theoretical  considerations  contravene  the 
adoption  of  "absolute  priority"  in  preference  to  the  date  1758. 
Accordingly,  it  is  herewith  recommended  that  article  26  of  the  code 
be  not  changed  in  respect  to  the  point  at  issue. 

During  the  past  three  years  several  zoologists  have  submitted 
to  the  Commission  propositions  for  amendments  or  additions  to  the 
code.  In  accordance  with  the  rule  established  by  the  Cambridge 
Congress,  a  number  of  these  propositions  could  not  be  considered 
formally,  because  they  did  not  reach  the  Commission  at  least  one 
year  prior  to  the  meeting  of  the  present  Congress. 

In  its  deliberations  the  Commission  decided  to  report  to  the 
Congress  only  those  propositions  upon  which  the  vote  in  commission, 
as  assembled  here,  was  unanimous.  The  following  propositions  are 
unanimously  recommended  for  adoption: 

Add  to  Art.  8  the  following : 

Recommendation.  —  Certain  biological  groups  which  have  been  proposed 
distinctly  as  collective  groups,  not  as  svstematic  units,  may  be  treated  for  con- 
venience as  if  they  were  genera,  but  they  require  no  type  species.  Examples: 
Agamodistomum,  Amphistomulum,  AgamofJaria,  Agamomermis,  Sparganum. 

Add  to  Art.  14  the  following: 

Recommendation.  —  It  is  well  to  avoid  the  introduction  of  the  names 
iypicus  and  typtis  as  new  names  for  species  or  subspecies,  since  these  names  are 
always  liable  to  result  in  later  confusion. 
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Add  to  Art.  20  the  following: 

Recommendation.  —  In  propoeing  new  names  based  upon  pereonal  names 
which  are  written  sometimee  with  ft,  5  or  Q,  at  other  times  with  sb.  oe  and  ue, 
it  is  recommended  that  authors  adopt  ee,  oe  and  ue.  Example:  muelieri  in  pref- 
erence to  mtdleri. 

Add  to  Art.  29: 

Recommendation.  —  To  facilitate  reference,  it  ia  recommended  that  when 
an  older  species  ia  taken  as  type  of  a  new  genus,  its  name  should  be  actually 
combined  with  the  new  generic  name,  in  addition  to  citing  it  with  the  old  generic 
name.  Example:  Gilhertella  Eigenmann,  1903,  Smithsonian  Misc.  Coll.,  v.  45, 
p.  147,  type  UUbertella  alata  (Steindachner)  —  Anacyrtuf  alatus  Steindachner. 

Strike  out  the  entire  Art.  30  (dealing  with  the  designation  of  type 
species  of  genera)  and  substitute  therefor  the  following: 

Art.  30.  —  The  designation  of  type  species  of  genera  shall  be  governed  by 
the  following  rules  (o-a),  applied  in  the  following  order  of  precedence: 

I.  Cases  in  which  the  generic  type  is  accepted  soldy  upon  basis  of  the  original 
publication  — 

(a)  When,  in  the  original  publication  of  a  genus,  one  of  the  species  is  definitely 
designated  as  type,  this  species  shall  be  accepted  as  type  regardless  of  any  other 
considerations.     (Type  by  ori^;inal  designation.) 

(6)  If,  in  the  original  pubhcation  of  a  genus,  tupicus  or  typiui  is  used  as  a  new 
specific  name  for  one  of  the  species,  such  use  shall  be  construed  as  'Hype  by 
OTiginal  designation." 

(c)  A  genus  proposed  with  a  single  original  species  takes  that  species  as  its 
type.     (Monotypical  genera.) 

id)  If  a  genus,  without  originall^r  designated  (see  a)  or  indicated  (see  6) 
type,  contains  among  its  original  species  one  possessing  the  generic  name  as  its 
specific  or  subspecific  name,  either  as  valid  name  or  svnonym,  that  species  or 
subspecies  becomes  ipso  facto  type  of  the  genus.    (Type  by  absolute  tautonymy.) 

II.  Cases  in  which  the  generic  type  is  accepted  not  solely  upon  basis  of  the 
original  publication  — 

(e)  The  following  species  are  excluded  from  consideration  in  selecting  the 
types  of  genera: 

(a)  Species  which  were  not  included  under  the  generic  name  at  the  time  of 

its  original  publication. 
(/9)  Species  which  were  species  infuirendce  from  the  standpoint  of  the  author 

of  the  generic  name  at  the  time  of  its  publication. 

(7)  Species  which  the  author  of  the  genus  doubtfully  referred  to  it. 

(/)  In  case  a  generic  name  without  originally  designated  type  is  proposed 
as  a  substitute  for  another  generic  name,  with  or  without  type,  the  type  of  either, 
when  established,  becomes  ipso  facto  type  of  the  other. 

(g)  If  an  author,  in  publishing  a  genus  with  more  than  one  valid  species, 
fails  to  designate  (see  a)  or  to  indicate  (see  6,  d)  its  type,  any  subsequent  author 
may  select  the  type^  and  such  designation  is  not  subject  to  change.  (Type  by 
subsequent  designation.) 

The  meaning  of  the  expression  *' select  a  type"  is  to  be  rigidly  construed. 
Mention  of  a  species  as  an  illustration  or  example  of  a  genus  does  not  constitute 
a  selection  of  a  type. 

III.  RECOBdMENDATiONS.  —  In  Selecting  types  by  subsequent  designation, 
authors  will  do  well  to  govern  themselves  by  the  following  recommendations : 

(h)  In  case  of  liinnipan  genera,  select  as  type  the  most  common  or  the  medi- 
cinal species.    (Linnsan  rule.^  1751.) 

(i)  If  a  genus,  without  designated  type,  contains  among  its  original  species 
one  possessing  as  a  specific  or  subspecific  name,  either  as  valid  name  or  s3rnonym, 
a  name  which  is  virtually  the  same  as  the  generic  name,  or  of  the  same  ongin 

'  Si  genus  receptum,  secundum  jus  naturse  et  artis,  in  plura  dirimi  debet, 
tum  nomen  antea  commune  manebit  vulgatissimse  et  officinali  plants. 
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or  same  meaning,  preference  should  be  shown  to  that  species  in  designating  the 
type,  unless  such  preference  is  strongly  contraindicated  by  other  factors.  (Type 
by  virtual  tautonomy.)  Examples:  Boa  tauru8f  Equus  cabailus,  Ovis  aries. 
Scomber  acombrusj  SphoBtOBtoma  globiporum;  contraindicated  in  Dipetodonema 
(compare  species  FUaria  dipetala,  of  which  only  one  sex  was  described,  based 
upon  one  specimen  and  not  studied  in  detail). 

(;')  If  the  genus  contains  both  exotic  and  non-exotic  species  from  the  stand- 
point of  the  original  author,  the  type  should  be  selected  from  the  non-exotic 
species. 

(k)  If  some  of  the  original  species  have  later  been  classified  in  other  genera, 
preference  should  be  shown  to  the  species  still  remaining  in  the  original  genus. 
(Type  by  elimination.) 

(I)  Species  based  upon  sexually  mature  specimens  should  take  precedence 
over  species  based  upon  larval  or  immature  forms. 

(m)  Show  preference  to  species  bearing  the  name  communis,  vtdgarU,  medi' 
cinaliSf  or  officinalis. 

(n)  Show  preference  to  the  best  described,  best  figured,  best  known,  or 
most  easily  obtainable  species,  or  to  one  of  which  a  type  specimen  can  be  obtained. 

(o)  Show  preference  to  a  species  which  belongs  to  a  group  containing  as 
large  a  number  of  the  species  as  possible.    (De  CandoUe's  rule.) 

(p)  In  parasitic  genera,  select,  if  possible,  a  species  which  occurs  in  man  or 
some  food  animal,  or  in  some  very  common  and  wide-spread  host-species. 

(g)  All  other  things  being  equal,  show  preference  to  a  species  which  the 
author  of  the  genus  actually  studied  at  or  before  the  time  he  proposed  the  genus. 

(r)  In  case  of  writers  who  habitually  place  a  certain  leading  or  typical  species 
first  as  ''chef  de  file,"  the  others  being  described  by  comparative  reference  to 
this,  this  fact  should  be  considered  in  the  choice  of  the  type  species. 

(s)  In  case  of  those  authors  who  have  adopted  the  "first  species  rule"  in 
.  fixing  generic  types,  the  first  species  named  by  them  should  be  taken  as  types 
of  their  genera. 

(0  All  other  things  being  equal,  page  precedence  should  obtain  in  selecting 
a  type. 

Opinions  Rendered  by  the  Cobimission.  —  In  response  to 
certain  questions,  especially  in  reference  to  the  Law  of  Priority  (Art. 
25)  and  its  application  (Art.  26),  submitted  for  consideration,  the 
Commission  herewith  unanimously  renders  the  following  opinions : 

(1)  The  meaning  of  the\word  "  indication  "  in  Art,  25  a.  —  The  word 
**  indication**  in  Art.  25  a  is  to  be  construed  as  follows : 

{A)  with  regard  to  specific  names,  an  'Hndication*'  is  (1)  a  bib- 
liographic reference,  or  (2)  a  published  figure  (illustration),  or  (3)  a 
definite  citation  of  an  earlier  name  for  which  a  new  name  is  proposed. 

(B)  with  regard  to  generic  names,  (1)  a  bibliographic  reference, 
or  (2)  a  definite  citation  of  an  earlier  name  for  which  a  new  name 
is  proposed,  or  (3)  the  citation  or  designation  of  a  type  species. 

In  no  case  is  the  word  **  indication  "  to  be  construed  as  including 
museum  labels,  museum  specimens  or  vernacular  names. 

(2)  The  Nature  of  a  Systematic  Name,  —  The  Commission  is  unan- 
imously of  the  opinion  that  a  nams  in  the  sense  of  the  Code,  refers 
to  the  designation  by  which  the  actual  objects  are  known.  In  other 
words,  we  name  the  objects  themselves,  not  our  conception  of  said 
objects.  Names  based  upon  hypothetical  forms  have,  therefore,  no 
status  in  nomenclature  and  are  not  in  any  way  entitled  to  considera- 
tion under  the  law  of  priority.  Examples :  Pithecanthropus  Haeckel, 
1866,  being  the  name  of  an  hypothetical  genus,  has  no  status  under 
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the  Code  and  does  not  therefore  invalidate  PUhecanthropiLa  Dubois, 
1894;  Gigantopora  mintda  Looss,  1907,  n.  gr.,  n.  sp.,  has  no  status 
under  the  Code,  since  it  is  admittedly  the  name  oi  a  fantastic  unit, 
not  based  upon  any  actual  objects. 

(3)  The  Status  of  Pvblications  Dated  1758.  —The  tenth  edition  of 
Linn^'s  Sy sterna  Naturm  was  issued  very  early  in  the  year  1758. 
For  practical  reasons,  this  date  may  be  assumed  to  be  January  1, 
1758,  and  any  other  zoological  publication  bearing  the  date  1758 
may  be  construed  as  having  appeared  subsequent  to  January  1.  In 
so  far  as  the  date  is  concerned,  all  such  publications  may  therefore 
be  construed  as  entitled  to  consideration  under  the  law  of  priority. 

(4)  Status  of  Certain  Names  Published  as  Manuscript  Names.  — 
Manuscript  names  acquire  standing  in  nomenclature  when  printed 
in  connection  with  the  provisions  of  Art.  25,  and  the  question  as  to 
their  validity  is  not  influenced  by  the  fact  whether  such  names  are 
accepted  or  rejected  by  the  author  responsible  for  their  publication. 

(5)  Status  of  Certain  Pr^LmTtcean  Names  Reprinted  Subsequent  to 
1757.  —  A  pre-Linn«an  name,  ineli^ble  because  of  its  publication 
prior  to  1758,  does  not  become  eligible  simply  by  being  cited  or 
reprinted  with  its  original  diagnosis  after  1757.  To  become  eligible 
under  the  Code,  such  names  must  be  reinforced  by  adoption  or  accept- 
ance by  the  author  publishing  the  reprint.  Examples :  The  citation, 
subsequent  to  1757,  of  a  bibliographic  reference  to  a  paper  published 
prior  to  1758  does  not  establish  technical  names  which  may  appear 
in  said  reference;  synonymic  citation  of  pre-Linnsean  names,  as  in 
the  tenth  edition  of  Linni's  Systema  Naturce,  does  nottestablish  such 
names  under  the  Code. 


RAGLES  INTERNATIONALES  DE  LA  NOMENCLATURE  ZOOLOGIQUE 

AdoptSes  par  les  Congrls  IntematUmaux  de  Zoologie:  Paris,  1889; 
Moscowy  1892;  Leyden,189B;  Cambridge,  i^P^;  Berlin,  ^90i; 
Berne,  190^;  Boston,  1907 

INTERNATIONAL  RULES  OF  ZOOLOGICAL  NOMENCLATURE 

INTERNATIONALE  REGELN  DER  ZOOLOGISCHEN  NOMENKLATUR 


General  CoNsroERAxiONS 

Article  1.  Zoological  nomenclature  is  independent  of  botanicai 
nomenclature  in  the  sense  that  the  name  of  an  animal  is  not  to  be 
rejected  simply  because  it  is  identical  with  the  name  of  a  plant.  If, 
however,  an  organism  is  transferred  from  the  vegetable  to  the  animal 
kingdom,  its  botanical  names  are  to  be  accepted  in  zoological  nomen- 
clature with  their  original  botanical  status;   and  if  an  organism  b 
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transferred  from  the  animal  to  the  vegetable  kingdom^  its  names  retain 
their  zoological  status. 

Recommendation.  —  It  is  well  to  avoid  introducing  into  zoology  as  generic 
names  such  names  as  are  in  use  in  botany. 

Art.  2.  The  scientific  de^signation  of  animals  is  uninominal  for 
subgenera  and  all  higher  groups,  binominal  for  species,  and  tri- 
nominal  for  subspecies. 

Art.  3.  The  scientific  names  of  animals  must  be  words  which 
are  either  Latin  or  Latinized,  or  considered  and  treated  as  such  in 
case  they  are  not  of  classic  origin. 

Family  and  Subfamily  Nabies 

Art.  4.  The  name  of  a  family  is  formed  by  adding  the  ending 
idcB,  the  name  of  a  subfamily  by  adding  ince,  to  the  root  of  the  name 
of  its  type  genus. 

Art.  5.  The  name  of  a  family  or  subfamily  is  to  be  changed  when 
the  name  of  its  type  genus  is  changed. 

Generic  and  Suboeneric  Nabies 

Art.  6.  Generic  and  subgeneric  names  are  subject  to  the  same 
rules  and  recommendations,  and  from  a  nomenclatural  standpoint 
they  are  coordinate  —  that  is,  they  are  of  the  same  value. 

Art.  7.  A^  generic  name  becomes  a  subgeneric  name,  when  the 
genus  so  named  becomes  a  subgenus,  and  vice  versa. 

Art.  8.  A  generic  name  must  consist  of  a  single  word,  simple 
or  compound,  written  with  a  capital  initial  letter,  and  employed  as 
a  substantive  in  the  nominative  singular.  Examples :  Cants,  Perca, 
CeraiodiLS,  Hymenolepis, 

Recommendations.  —  The  following  words  may  be  taken  as  generic  names: 

a.  Greek  substantives,  for  which  the  rules  of  Latin  transcription  (see  Appen- 
dix F)  should  be  followed.  Examples:  Ancylus,  Amphibola,  Aplysia,  Pompho- 
lyx,  Phyaa,  Cylichna. 

b.  Compound  Greek  words,  in  which  the  attributive  should  precede  the 
principal  word.  Examples:  Stenogyra,  Plevrobranchus,  Tylodina,  Cydoatamum, 
Sarcocyatis,  Pelodytes^  HydrophUus,  Hhvsobiits. 

Tms  does  not,  however,  exclude  words  formed  on  the  model  of  Hippopota- 
mtiSf  namely,  words  in  which  the  attributive  follows  the  principal  wora.  Ex- 
amples: Philydru8f  Biorhiza. 

c.  Latin  substantives.  Examples:  AnctOa,  Auricidaf  Doliurrif  Harpa,  Oliva, 
Adjectives  (Prasina)  and  past  participles  (Productus)  are  not  recommended. 

d.  Compound  Latin  words.    Examples:   StUyger,  Dolabrifer,  Semiftisus. 

e.  Greek  or  Latin  derivatives  expressing  diminution,  comparison,  resem- 
blance, or  possession.  Examples:  Dotiumy  Dclvolum ;  StrongyluSy  Eu&trongyhis ; 
lAmaXy  LimaoeUUij  Lvmacia^  Limacina^  LimacUeSf  Limacula;  LinguUif  lAn^deUa, 
LinqtdepiSy  Lingxdina,  LingtdopjB,  Lingidopsis ;  Neomenia,  Proneomenia;  Buteo, 
ArckibiUeo;   GordiuSy  ParagordiuSj  Polygordius. 

/.  Mytiiological   or   heroic   names.     Examples:    0»irw,    Venus,   Briainga, 
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VeBedOf  Crimora,   If  not  Latin,  theee  should  be  given  a  Latin  tennination  (Aegi- 
ruSf  Gdndidia). 

g.  Proper  names  used  by  the  ancients.  Examples:  Cleopatra f  Beliaarituif 
Mdania, 

h.  Modem  patron^rmics,  to  which  is  added  an  ending  to  denote  dedication: 
a.  Names  termmatinf  with  a  consonant  take  the  ending  ius,  ia,  or  turn. 

Examples:     Sdyntu,   lamarckia,   KdUikeria,    Miilleria,    StMia,   knpyeriaf 

Ihafiezia. 
/3.  Names  terminating  with  the  vowels,  e,  i,  o,  ti,  or  y  take  the  ending  im, 

a,  or  urn.    Ehcamples:    BlainviUea,   WyviUea,  Cavoliniaf  Fatioa,  Bemayaf 

Quoya^  Schtdzea, 

y.  Names  tenninating  with  a  take  the  ending  ia.    Example:  Danaia, 
S,  In  generic  names  f onned  from  patronymics,  the  particles  are  omitted 

if  not  c<Mdesced  with  the  name,  but  the  articles  are  retained.    Examples: 

BlainviUea^  Benedeniaf  Chiajeaf  Lacepedea,  Dumerilia. 

€.  With  patronymics  consisting  of  two  words,  only  one  of  these  is  used 

in  the  formation  of  a  generic  name.    Examples:    SelysiuSf  Targioniay  Ed- 

wardsia^  DiUhierna, 

^.  The  use  of  proper  names  in  the  formation  of  compound  generic  names 

is  objectionable.     Examples:    Eugrimmia,   Buckiceras,  Heromorpha^   Md- 

hiunspongia, 

i.  Names  of  ships  which  ^ould  be  treated  the  same  as  mythological  names 
(Vega)  or  as  modem  patronymics.    Elxamples:  Blakea^  Hiranddleaf  ChaUengeria. 

j.  Barbarous  names,  that  is,  words  of  nonelassic  origin.  Examples:  Vani- 
korOf  CkUosa,  Such  words  may  receive  a  Latin  termination.  Examples:  Yetua, 
Fossarue, 

k.  Words  formed  by  an  arbitrary  combination  of  letters.  Examples:  Neda, 
ClancultUf  SaUfa,  Torix, 

L  Names  formed  by  anagram.    Examples:  Dacdo^  VeHuHa,  LAnoapa, 

m.  Certain  biological  groups  which  have  been  proposed  distinctly  as  col- 
lective groups,  not  as  systematic  units,  may  be  treat^  for  convenience  as  if 
they  were  genera,  but  they  require  no  type  species.  Examples :  AgamodUtamum, 
AmphistamttluMf  Agamofiaria,  AgamoTnermia,  Sparganum, 

Art.  9.  If  a  genus  is  divided  into  subgenera,  the  name  of  the 
typical  subgenus  must  be  the  same  as  the  name  of  the  genus  (see 
Art.  25). 

Art.  10.  When  it  is  desired  to  cite  the  name  of  a  subgenus,  this 
name  is  to  be  placed  in  parentheses  between  the  generic  and  the 
specific  names.    Example:  Vanessa  (Pyrameis)  cardui. 

Specific  and  Subspecific  Names 

Art.  11.  Specific  and  subspecific  names  are  subject  to  the  same 
rules  and  recommendations,  and  from  a  nomenclatural  standpoint 
they  are  coordinate  —  that  is,  they  are  of  the  same  value. 

Art.  12.  a  specific  name  becomes  a  subspecific  name  when 
the  species  so  named  becomes  a  subspecies,  and  vice  versa. 

Art.  13.  While  specific  substantive  names  derived  from  names 
of  persons  may  be  written  with  a  capital  initial  letter,  all  other  specific 
names  are  to  be  written  with  a  small  initial  letter.  Examples :  Rhizo- 
stoma  Cuvieri  or  Rh.  cuvieri,  Francolinus  Lucani  or  F.  lucani,  Hypo^ 
derma  Diana  or  H.  diana,  Laophonte  Mohammed  or  L.  m^hamTned^ 
CEstrus  ovis,  Corvus  corax. 

Art.  14.  Specific  names  are: 
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a.  Adjectives,  which  must  agree  grammatically  with  the  generic 
name.    Example :  Fdia  marmorata. 

b.  Substantives  in  the  nominative  in  apposition  with  the  generic 
name.    Example :  Fdis  leo, 

c.  Substantives  in  the  genitive.  Examples :  roses,  sturionis,  antUr 
laruniy  gallice,  sandv-patdi,  sanctcB-hdencB. 

If  the  name  is  given  as  a  dedication  to  one  or  several  persons,  the 
genitive  is  formed  in  accordance  with  the  rules  of  Latin  declination 
in  case  the  name  was  employed  and  declined  in  Latin.  Examples: 
Plinii,  Aristotdis,  Victoris,  Antonii,  ElisabethcB,  Petri  (given  name). 

If  the  name  is  a  modern  patronymic,  the  genitive  is  always  formed 
by  adding,  to  the  exact  and  complete  name,  an  i  if  the  person  is  a 
man,  or  an  ob  it  the  person  is  a  woman,  even  if  the  name  has  a  Latin 
form ;  it  is  placed  in  the  plural  if  the  dedication  involves  several  per- 
sons of  the  same  name.  Examples :  Cuvieriy  Mobiusi,  Nunezi,  Meri* 
ancB,  Sarasinorum,  Bosi  (not  Bovia),  Salmoni  (not  Scdrrumis). 

Recommendations.  —  The  best  specific  name  is  a  Latin  adjective,  short, 
euphonic,  and  of  easy  pronunciation.  Latinized  Greek  words  or  barbarous 
words  may,  however,  be  used.  Examples:  gymnocephalus,  echinococcus,  ziczac, 
agvUy  hjoacUif  urubiiinga. 

It  is  weU  to  avoid  tiie  introduction  of  the  names  typicus  and  typtia  as  new 
names  for  species  or  subspecies,  since  these  names  are  always  liable  to  result  in 
later  confusion. 

Art.  15.  The  use  of  compound  proper  names  indicating  dedica- 
tion, or  of  compound  words  indicating  a  comparison  with  a  simple 
object,  does  not  form  an  exception  to  Art.  2.  In  these  cases  the  two 
words  composing  the  specific  name  are  written  as  one  word  with 
or  without  the  hyphen.  Examples:  SanctcB-CaiharirUB  or  sandcB- 
caiharinoBj  Jan-Mayeni  or  janmayeni,  comu-paMoris  or  comwpastoris, 
coT^anguinum  or  coranguinum,  cedo-nvUi  or  cedonvlli. 

Expressions  like  rudis  flanusque  are  not  admissible  as  specific 
names. 

Art.  16.  (Jeographic  names  are  to  be  given  as  substantives  in 
the  genitive,  or  are  to  be  placed  in  an  adjectival  form.  Examples: 
aanctUpauli,  sandCB-hdencB,  edwardiensis,  diemenensis,  magdlanicua^ 
hurdigalensisy  vindobonensis. 

Recommendation.  —  Geographic  names  used  by  the  Romans  or  by  Latin 
writers  of  the  middle  ages  are  to  oe  adopted  in  preference  to  more  recent  forms. 
Words  like  bordeattsiacus  and  viennensia  are  poor,  but  are  not  to  be  rejected  on 
this  account. 

Art.  17.  If  it  is  desired  to  cite  the  subspecific  name,  such  name 
is  written  immediately  following  the  specific  name,  without  the  inter- 
position of  any  mark  of  punctuation.  Example:  Rana  escvlenia 
marmorata  Hallowell,  but  not  Rana  escvlenia  (marmorata)  or  Rana 
Tnarmoraia  Hallowell. 

Art.  18.  The  notation  of  hybrids  may  be  given  in  several  ways; 
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in  all  cases  the  name  of  the  male  parent  precedes  that  of  the  female 
parent,  with  or  without  the  sexual  signs : 

a.  The  names  of  the  two  parents  are  united  by  the  sign  of  multi- 
plication (X).  Example:  Capra  kircus  i  X  Ovia  aries  9  and 
Capra  Hvrcxis  X  Ovis  aries  are  equally  good  formulae. 

6.  Hybrids  may  also  be  cited  in  form  of  a  fraction,  the  male  parent 
forming  the  numerator  and  the  female  parent  the  denominator. 

Example:     J^, : — .    This  second  method  is  in  so  far  preferable 

Ovis  anes 

that  it  permits  the  citation  of  the  person  who  first  published  the 

,    ,   . ,  .  1      T^  1       Bemicla  canadensis  t^  ,  ^ 

nybnd  form  as  such.    Example :  — — Rab^. 

Anser  cygnoides 

c.  The  fractional  form  is  also  preferable  in  case  one  of  the  parents 

•     -.    1*      1    1   -J      T-i  1       Tetrao  tetrix  X  Tetrao  uroqalltcs     ^ 

IS  itself  a  hybnd.    Example:   -^-ji 2 .    Iq 

Gaum  gaUus 

the  latter  case,  however,  parentheses  may  be  used.    Example:  (T^- 

trao  tetrix  X  Tetrao  urogalliis)  X  Gallus  gaUus. 

d.  WTien  the  parents  of  the  hybrid  are  not  known  as  such  [par- 
ents], the  hybrid  takes  provisionally  a  specific  name,  the  same  as  if 
it  were  a  true  species,  namely,  as  if  it  were  not  a  hybrid;  but  the 
generic  name  is  preceded  by  the  sign  of  multiplication.  Example :  X 
Coregontis  dolosiLS  Fatio. 

Formation,  Derivation,  and  Orthography  of  Zoological 

Names 

Art.  19.  The  original  orthography  of  a  name  is  to  be  preserved 
unless  an  error  of  transcription,  a  lapsus  calami,  or  a  typographical 
error  is  evident 

Recommendation.  —  For  scientific  names  it  is  advis&ble  to  use  some  other 
type  than  that  used  for  the  text.  Example:  Rana  eaculerUa  Linn6,  1758,  lives 
in  Europe. 

Art.  20.  In  forming  names  derived  from  languages  in  which  the 
Latin  alphabet  is  used,  the  exact  original  spelling,  including  diacritic 
marks,  is  to  be  retained.  Examples:  Selysius,  Lamarckia,  KoUin 
keria,  MUlleria,  Stalia,  Kr<f>yeria,  Ibanezia,  Mdbitm,  Medici,  Czjzeki, 
spiis^ergensis,  isUmdicus,  paraguayensis,  patagonicus,  barbadensis, 
fdroensis. 

Recommendations.  —  The  prefixes  «ii5  and  pseudo  should  be  used  only  with 
adjectives  and  substantives,  stu)  with  Latin  words,  pseudo  with  Greek  words, 
and  they  should  not  be  used  in  combination  with  proper  names.  Examples: 
subviridiSf  subcheUUuSf  PaeudacanthuSt  Paeudopkia,  Paeudomya,  Words  like 
subufHaoni  and  paeudograteloupana  are  not  recommended. 

The  terminations  oides  and  idea  should  be  used  in  combination  only  with 
Greek  or  Latin  substantives;  they  should  not  be  used  in  combination  with  proper 
names. 

Geographic  and  patronymic  names  from  countries  which  have  no  recognized 
orthography  or  whicn  do  not  use  Uie  Latin  alphabet  should  be  transcribed  into 
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Latin  according  to  the  rules  adopted  by  the  Geographic  Society  of  Paris  (see 
Appendix  G). 

In  proposing  new  names  based  upon  personal  names  which  are  written  some- 
times with  ft,  o,  or  0,  at  other  times  with  se,  ce,  or  ue,  it  is  recommended  that 
authors  adopt  sb,  oe,  and  ue.    Example,  mudleri  in  preference  to  muUeri. 

Author's  Name 

Art.  21.  The  author  of  a  scientific  name  is  that  person  who  first 
publishes  the  name  in  connection  with  an  itidication,  a  definition,  or 
a  description,  unless  it  is  clear  from  the  contents  of  the  publication 
that  some  other  person  is  responsible  for  said  name  and  its  indica- 
tion, definition,  or  description. 

Art.  22.  If  it  is  desired  to  cite  the  author's  name,  this  should 
follow  the  scientific  name  without  interposition  of  any  mark  of  punc- 
tuation; if  other  citations  are  desirable  (date,  sp.  n,,  emend,,  sensu 
stricto,  etc.),  these  follow  after  the  author's  name,  but  are  separated 
from  it  by  a  comma  or  by  parentheses.  Examples :  Primates  Linn^, 
1758,  or  PriTnates  Linn^  (1758). 

Recommexdahon.  —  When  the  name  of  the  author  of  a  scientific  name  is 
abbreviated,  the  writer  will  do  well  to  conform  to  the  list'  of  abbreviations 
published  by  the  Zoological  Museum  of  Berlin. 

Art.  23.  When  a  species  is  transferred  to  another  than  the  original 
genus  or  the  specific  name  is  combined  with  any  other  generic  name 
than  that  with  which  it  was  originally  published,  the  name  of  the 
author  of  the  specific  name  is  retained  in  the  notation  but  placed  in 
parentheses.  Examples:  Tcenia  lata  Linn^,  1758,  and  Diboihrio' 
cephcdus  laius  (Linn^,  1758);  Fasciola  hepaiica  Linn^,  1758,  and 
DisUyma  hepaiicum  (Linn^,  1758). 

If  it  is  desired  to  cite  the  author  of  the  new  combination,  his 
name  follows  the  parentheses.  Example :  Limnatis  nilotica  (Savigny, 
1820)  Moquin-Tandon,  1826. 

Art.  24.  When  a  species  is  divided,  the  restricted  species  to 
which  the  original  specific  name  of  the  primitive  species  is  attributed 
may  receive  a  notation  indicating  both  the  name  of  the  original  author 
and  the  name  of  the  reviser.  Example :  Tcenia  solium  Linn^,  partim, 
Goeze. 

The  Law  of  Priority 

Art.  25.  The  valid  name  of  a  genus  or  species  can  be  only  that 
name  under  which  it  was  first  designated  on  the  condition : 

a.  That  this  name  was  published  and  accompanied  by  an  indi- 
cation, or  a  definition,  or  a  description ;  and 

b.  That  the  author  has  applied  the  principles  of  binary  nomen- 
clature. 

*  Liste  der  Autoren  zoologischer  Art-  imd  Gattim^snamen  zusammen- 
gestellt  von  den  Zoologen  des  Museums  fOr  Naturkunde  m  Berlin.  Berlin,  2. 
vermehrte  Auflage,  8^  1896. 
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Appucation  op  the  Law  op  Priority 

Art.  26.  The  tenth  edition  of  Linn^'s  Sy sterna  naturcB,  1758,  is 
the  work  which  inaugurated  the  consistent  general  application  of 
the  binary  nomenclature  in  zoology.  The  date  1758,  dierefore,  is 
accepted  as  the  starting  point  of  zoological  nomenclature  and  of 
the  law  of  priority. 

Art.  27.  The  law  of  priority  obtains  and  consequently  the 
oldest  available  name  is  retained : 

a.  When  any  part  of  an  animal  is  named  before  the  animal  itself; 

6.  When  the  larva  is  named  before  the  adult; 

c.  When  the  two  sexes  of  an  animal  have  been  considered  as  dis- 
tinct species  or  even  as  belonging  to  distinct  genera ; 

d.  When  an  animal  represents  a  regular  succession  of  dissimilar 
generations  which  have  been  considered  as  belonging  to  different 
species  or  even  to  different  genera. 

Art.  28.  A  genus  formed  by  the  union  of  two  or  more  genera 
or  subgenera  takes  the  oldest  valid  generic  or  subgeneric  name  of  its 
components.  If  the  names  are  of  the  same  date,  that  selected  by  the 
first  reviser  shall  stand. 

The  same  rule  obtains  when  two  or  more  species  or  subspecies  are 
united  to  form  a  single  species  or  subspecies. 

Recommendation.  —  In  absence  of  any  previous  revision,  the  establish- 
ment of  precedence  by  the  following  method  is  recommended : 

(a)  A  generic  name  accompanied  by  specification  of  a  type  has  precedence 
over  a  name  without  such  specification.  If  all  or  none  of  the  genera  have  types 
specified,  that  generic  name  takes  precedence  the  diagnosis  of  which  is  most 
pertinent. 

(6)  A  specific  name  accompanied  by  both  description  and  figure  stands  in 
preference  to  one  accompanied  only  by  a  diagnosis  or  only  by  a  figure. 

(c)  Other  things  being  equal,  that  name  is  to  be  preferred  which  stands  first 
in  the  publication  (page  precedence). 

Art.  29.  If  a  genus  is  divided  into  two  or  more  restricted  genera, 
its  valid  name  must  be  retained  for  one  of  the  restricted  genera. 

K  a  type  was  originally  established  for  said  genus,  the  generic 
name  is  retained  for  the  restricted  genus  containing  said  type. 

Recommendation.  —  To  facilitate  reference,  it  is  recommended  that  when 
an  older  species  is  taken  as  type  of  a  new  genus,  its  name  should  be  actually  com- 
bined witn  the  new  generic  name,  in  addition  to  citing  it  with  the  old  generic 
name.  Example:  GUberteOa  Eigenmann,  1903,  Smithsonian  Misc.  Coll.,  v.  45, 
p.  147-    Type  GUberteUa  (data  (Steindachner)  =  Anacyriua  cUatus  Steindachner. 

Art.  30.  The  designation  of  type  species*  of  genera  shall  be 
governed  by  the  following  rules  (a-g),  applied  in  the  following  order 
of  precedence. 

*  Note  by  Secretary  of  the  Commission.  —  The  type  species  of  a  genus,  fre- 
quently called  the  genotype,  is  that  species  which  serves  as  the  standard  of 
raerence  for  the  genus.    It  is  best  for  every  author  definitely  to  designate  a 
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I.  Cases  in  which  the  generic  type  is  accepted  solely  upon  basis  of  the  original 
publication  — 

(a)  When  in  the  original  publication  of  a  genus  one  of  the  species  is  definitely 
designated  as  type,  this  species  shall  be  accepted  as  type  regardless  of  any  other 
considerations.     (Type  by  original  designation.) 

(6)  If,  in  the  onginal  pubhcation  of  a  genus,  typicua  or  typua  is  used  as  a  new 
specific  name  for  one  of  the  species,  such  use  shall  be  construed  as  ''type  by 
original  designation." 

(c)  A  genus  proposed  with  a  single  original  species  takes  that  species  as  its 
type.    (Monotypical  genera.) 

(d)  If  a  genus,  without  originall^r  designated  (see  a)  or  indicated  (see  b) 
type^  contains  among  its  originsJ  species  one  possessing  the  generic  name  as  its 
specific  or  subspecific  name,  either  as  valid  name  or  svnonym,  that  species  or 
subspecies  becomes  ipso  facto  type  of  the  genus.    (Type  by  absolute  tautonymy.) 

II.  Cases  in  which  uie  generic  type  is  accepted  not  solely  upon  basis  of  the 
original  publication  — 

(e)  The  following  species  are  excluded  from  consideration  in  selecting  the 
tjrpes  of  genera: 

(a)  Si>ecies  which  were  not  included  under  the  generic  name  at  the  time 

of  its  original  publication. 
(/3)  Species  which  were  species  inquirenda  from  the  standpoint  of  the 

author  of  the  generic  name  at  the  time  of  its  publication. 
(7)  Species  which  the  author  of  the  ^enus  doubttully  referred  to  it. 

(/)  In  case  a  generic  name  without  onginall^r  designated  type  is  proposed 
as  a  substitute  for  another  generic  name,  with  or  without  type,  the  type  of  either, 
when  established,  becomes  ipso  facto  type  of  the  other. 

ig)  If  an  author,  in  publishing  a  genus  with  more  than  one  valid  species, 
fails  to  designate  (see  a)  or  to  indicate  (see  6,  d)  its  type,  any  subsequent  author 
may  select  the  t3rpe,  and  such  designation  is  not  subject  to  change.  (Type  by 
subsequent  designation.) 

The  meaning  of  the  expression  "select  the  t3T>e"  is  to  be  rigidly  construed. 
Mention  of  a  species  as  an  illustration  or  example  of  a  genus  does  not  constitute 
a  selection  of  a  type. 

in.  Recommendations.  —  In  selecting  tvpes  by  subsequent  desi^ation, 
authors  will  do  well  to  govern  themselves  by  the  following  recommendations  — 

{h)  In  case  of  Linncean  genera,  select  as  type  the  most  common  or  the  medi- 
cinal species.     (Linnsan  rule,^  1751.) 

(t)  If  a  genus,  without  designated  t3rpe,  contains  among  its  original  species 
one  possessing  as  specific  or  subspecific  name,  either  as  valid  name  or  s3rnonym, 
a  name  which  is  virtually  the  same  as  the  generic  name,  or  of  the  same  origin  or 
same  meaning,  preference  should  be  shown  to  that  species  in  designating  the 
type,  unless  such  preference  is  strongly  contraindicated  by  other  factors.  (T^rpe 
by  virtual  tautonymy.)  Examples :  Bos  tauruSf  Equus  cabaUus.  Ovis  aries. 
Scomber  scombruSf  Sph/srostoma  globiporum;  contraindicated  in  Dipetalonema 
(compare  species  FiCaria  dipeUda^  of  which  only  one  sex  was  described,  based 
upon  one  specimen  and  not  studied  in  detail). 

ij)  If  the  genus  contains  both  exotic  and  non-exotic  species  from  the  stand- 
point of  the  original  author,  the  type  should  be  selected  from  the  non-exotic 
species. 

{k)  If  some  of  the  original  species  have  later  been  classified  in  other  genera, 
preference  should  be  shown  to  tne  species  still  remaining  in  the  original  genus. 
(Type  by  elimination.) 

(0  Si>ecies  based  upon  sexually  mature  specimens  should  take  precedence 
over  species  based  upon  larval  or  immature  forms. 

(m)  Show  preference  to  a  species  bearing  the  name  communis^  vulgaris, 
medicinaliSf  or  officinalis. 

t3i>e  species  for  each  new  genus  proposed  by  him.  A  failure  to  designate  the 
genotype  f re<juently  leads  to  much  confusion ;  it  is  in  fact  doubtful  whether  any 
other  one  pomt  has  caused  as  much  confusion  in  zoological  nomenclature  as  has 
this  omission.  —  C.  W.  S. 

^  Si  genus  receptum,  secundum  jus  naturae  et  artis,  in  plura  dirimi  debet, 
turn  nomen  antea  commune  manebit  vulgatissimse  et  officinali  plant®. 
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(n)  Show  preference  to  the  best  described,  best  figured,  best  known,  or  most 
easily  obtainable  species,  or  to  one  of  which  a  type  specimen  can  be  obtained. 

(o)  Show  preference  to  a  species  which  belongs  to  a  group  containing  as 
large  a  number  of  the  species  as  possible.    (De  Condyle's  rule.) 

(p)  In  parasitic  genera,  select  if  possible  a  species  which  occurs  in  man  or 
some  food  animal,  or  in  some  very  common  and  wide-spread  host-species. 

(q)  All  other  things  being  e<)ual,  show  preference  to  a  species  which  the 
author  of  the  genus  actually  studied  at  or  before  the  time  he  propcwed  the  genus. 

(r)  In  case  of  writers  who  habitually  plac^  a  certain  leading  or  typical 
species  first  as  "chef  de  file,"  the  others  being  described  by  comparative  refer- 
ence to  this,  this  fact  should  be  considered  in  the  choice  of  the  type  species. 

(s)  In  case  of  tiiose  authors  who  have  adopted  the  "first  species  rule"  *  in 
fixing  generic  types,  the  first  species  named  by  them  should  be  taken  as  types 
of  their  genera. 

(0  All  other  things  being  equal,  page  precedence  should  obtain  in  select- 
ing a  type. 

Art.  31.  The  division  of  a  species  into  two  or  more  restricted 
species  is  subject  to  the  same  rules  as  the  division  of  a  genus.  But  a 
specific  name  which  undoubtedly  rests  upon  an  error  of  identification 
cannot  be  retained  for  the  misdetennined  species  even  if  the  species 
in  question  are  afterwards  placed  in  different  genera.  Example: 
Tcmia  pedinaia  Goeze,  1782  =  CittotcBuia  pectinata  (Gk)eze),  but 
the  species  erroneously  determined  by  Zeder,  1800,  as  "  ToBtiia  pedi- 
naia Gk)eze"  =  Andrya  rhopalocephala  (Riehm);  the  latter  species 
does  not  take  the  name  Andrya  pedinaia  (Zeder). 

Rejection  of  Names 

Art.  32.  A  generic  or  a  specific  name,  once  published,  cannot  be 
rejected,  even  by  its  author,  because  of  inappropriateness.  Exam- 
ples :  Names  like  Polyodon,  Apus,  allms,  etc.,  when  once  published, 
are  not  to  be  rejected  because  of  a  claim  that  they  indicate  characters 
contradictory  to  those  possessed  by  the  animals  in  question. 

Art.  33.  A  name  is  not  to  be  rejected  because  of  tautonymy, 
that  is,  because  the  specific  or  the  specific  and  subspecific  names  are 
identical  with  the  generic  name.  Examples:  Trvita  truUa,  Apus 
apu8  apus. 

Art.  34.  A  generic  name  is  to  be  rejected  as  a  homonym  when 
it  has  previously  been  used  for  some  other  genus  *  of  animals.    Ex- 

*  Note  by  Secretary  of  Commission.  —  For  a  discussion  of  this  subject,  see 
especially  the  files  of  Science j  N.  Y.,  for  1906  and  1907.  A  nimiber  of  authors 
make  it  a  rule  to  select  as  types  of  earlier  genera  the  first  species  (by  page  pre- 
cedence) mentioned  in  connection  with  the  generic  names.  Some  authors  adopt 
certain  restrictions  in  deciding  which  is  the  first  species.  In  some  instances 
authors  have  not  declared  themselves  in  favor  of  the  "first  species  rule"  until 
some  time  after  they  have  published  genera.  Paragraph  («)  advises  that  their 
declarations  be  considered  as  retroactive,  subject,  of  course,  to  the  foregoing 
rules(a-flr).  — C.  W.  S. 

'  Beside  the  special  journals  and  special  nomenclators  of  various  groups, 
authors  will  find  the  following  publications  very  valuable  in  determining  whether 
any  given  generic  or  supergeneric  name  is  preoccupied,  and  if  authors  will  con- 
sult these  works  before  publishing  new  names,  considerable  confusion  and  later 
chaise  of  names  will  be  avoided : 

C.  D.  Sherbom,  Index  animalium  sive  index  naminum  qw  ab  A,  D,  1758, 
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ample:  Trichina  Owen,  1835,  nematode,  is  rejected  as  ];iomonym 
of  Trichina  Meigen,  1830,  insect. 

Art.  35.  A  specific  name  is  to  be  rejected  as  a  homonym  when  it 
has  previously  b^n  used  from  some  other  species  of  the  same  genus. 
Example :  Tcenia  oviUa  Rivolta,  1878  (n.  sp.)  b  rejected  as  homonym 
of  T.  oviUa  Gmelin,  1790. 

When  in  consequence  of  the  union  of  two  genera,  two  different 
animals  having  the  same  specific  or  subspecific  name  are  brought 
into  one  genus,  the  more  recent  specific  or  subspecific  name  is  to  be 
rejected  as  a  homonym. 

Art.  36.  Rejected  homonyms*  can  never  be  again  used.  Re- 
jected synonyms  can  again  be  used  in  case  of  the  restoration  of 
erroneously  suppressed  groups.  Example:  Tcmia  Giardi  Moniez, 
1879,  was  suppressed  as  a  synonym  of  Tamia  ovilla  Rivolta,  1878; 
later  it  was  discovered  that  Tcmia  ovilla  was  preoccupied  (Tcmia 
ovilla  Gmelin,  1790).  Tcmia  ovilla,  1878,  is  suppressed  as  a  homonym, 
and  can  never  again  be  used ;  it  was  stillborn  and  cannot  be  brou^t 
to  life,  even  when  the  species  is  placed  in  another  genus  (Thysano- 
soma).  TcBnia  Giardi^  1879,  which  was  suppressed  as  a  synonym, 
becomes  valid  upon  the  suppression  of  the  homonym  TcBnia  ovilla 
Rivolta. 

Recommendations.  —  It  is  well  to  avoid  the  introduction  of  new  generic 
names  which  differ  from  generic  names  already  in  use  oiAy  in  termination  or  in 
a  slight  variation  in  spelling  which  might  lead  to  confusion.  But  when  once 
introduced  such  names  are  not  to  be  rejected  on  this  account.  Examples :  Picus, 
Pica;  Polyodusy  Polyodoriy  PolyodorUa,  PolyodontaSf  Polyodonhts ;  MacrodoTiy 
Microdon. 

The  same  recommendation  ap>plie8  to  new  specific  names  in  any  given  genus. 
Examples:  neccUor,  neccUrix;  furdgera^  fiarcifera;  rliopalocepfialaf  rhopcdiocephala^ 

If  from  the  radical  of  a  geographic  name  two  or  more  adjectives  are  derived, 
it  is  not  advisable  to  use  more  than  one  of  them  as  specific  name  in  the  same 
genus,  but  if  once  introduced,  they  are  not  to  be  rejected  on  this  account.    Ex- 

generibua  et  speciebita  animalium  imposUa  sunt.  SodetatUms  erudUorum  adju" 
vantibus  a  Carolo  Davis  Sherbom  co^fedus,  Sectio  I  a  kalendis  januariiSf  1758^ 
usque  ad  finem  decemhris,  1800.    Cantabrigise,  1902,  8°. 

S.  H.  Scudder,  Nomendator  zoologicus.  An  alphabetical  list  of  aU  generic 
names  that  have  been  employed  by  naturalists  for  recent  and  fossil  animals  from  the 
earliest  times  to  the  dose  of  the  year  1879.  In  2  parts:  I.  Supplemental  list. 
II.    Universal  index.    Washington,  1882,  8°. 

C.  O.  Waterhouse,  Index  zoologicus.  An  alphahdical  list  of  names  of  genera 
and  subgenera  proposed  for  use  in  zoology  as  recorded  in  the  Zoological  Recordy 
1880-1900y  togdher  vnth  other  names  not  induded  in  the  Nomendator  zoologicus  of 
S.  H.  Scudder.  CompUed  ...  by  Charles  Owen  Waterhouse  and  edited  by  David 
Sharp.    London,  :1902,  8°. 

The  Zoological  Recordy  XXXVIII  [et  sequ.l.  Being  records  of  zoological 
literature  relating  chiefly  to  the  year  1901  [et  sequ.J.  London,  1902  [et  sequ.],  8°. 
Index  to  names  of  new  genera  and  subgenera. 

Register  zum  zoologischen  Ameiger.  Herausgegeben  von  J.  V.  Cams,  Jahrganj? 
1-10  (1878-1887),  11-15  (1888-1892),  16-20  (1893-1897),  21-25  (1898-1902). 
Leipzig,  1889,  1893,  1899,  1903,  8*». 

^  A  homonym  is  one  and  the  same  name  for  two  or  more  different  thinga 
Synonyms  are  different  names  for  one  and  the  same  thing. 
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amplest     MapanuSj    hiapanicua;    molvccerms,    moluccanus;    sinensis,    sinicuSf 
ckinensis;  ceylonicus,  zeylanieus. 

The  same  recommendation  applies  also  to  other  words  derived  from  the  same 
radical  and  differing  from  each  other  only  in  termination  or  by  a  simple  change 
in  spelling.  Examples:  camdeus,  comdeus;  silvestris,  sylvestris,  sUvahcuSy  syhya- 
ticus;  liUorcdiSy  litoralis;  aiUumnalis,  audumnalis;  damaf  damma;  flumalis, 
fluvialUis,  fluviaticus. 


APPENDIX 

A,  It  is  very  desirable  that  the  proposition  of  every  new  syste- 
matic group  should  be  accompanied  by  a  diagnosis,  both  individual 
and  diflFerential,  of  said  group  in  English,  French,  German,  Italian, 
or  Latin.  This  diagnosis  should  state  in  what  museum  the  type 
specimen  has  been  deposited  and  should  give  the  museum  number 
of  said  specimen. 

B,  In  publications  issued  in  any  other  language  than  English, 
French,  German,  Italian,  or  Latin  it  is  very  desirable  that  the  expla- 
nation of  figures  be  translated  into  one  of  these  tongues. 

C,  The  metric  system  of  weights  and  measures  and  the  centi- 
grade thermometer  of  Celsius  are  adopted  as  standard.  The  micron 
(0.001  mm.),  represented  by  the  Greek  letter  fi,  is  adopted  as  the  unit 
of  measure  in  microscopic  work. 

D,  The  indication  of  enlargement  or  of  reduction,  which  is  very 
desirable  for  the  comprehension  of  an  illustration,  should  be  expressed 
in  figures  rather  than  by  mentioning  the  system  of  lenses  used. 

E,  The  indication  of  enlargement  or  reduction  of  an  object  is 
usually  linear.  The  sign  of  multiplication  is  used  for  enlargement, 
and  the  fraction  for  reduction.  Examples:  X  50  indicates  that  the 
object  is  enlarged  50  times ;  -^  indicates  that  it  is  reduced  to  ^th. 

If  it  is  desired  to  specify  that  the  enlargement  is  linear,  surface, 
or  mass,  this  may  be  done  as  follows :  X  50  *  indicates  linear  enlarge- 
ment; X  50^  indicates  surface  enlargement;  X  50'  indicates  mass 
enlargement. 

F,  Transcription  of  Greek  words : 

The  following  table  indicates  the  manner  in  which  Greek  words 
should  be  transcribed: 

—  Hyalea,  not  Hyalaea. 

—  Pirena,  not  Pirina. 
final    f)  ==  a     (Trecpijvr))           —  Pirena,  not  Pirene. 

—  Tethys,  not  Tetys. 

—  Balia,  not  Balea. 

—  Hippocrena,  not  Hippochrenes. 

—  Xenus,  Xenophora. 

—  Pterum. 

—  Hybolithus,  not  Hibolites. 

—  Limnsea,  not  Limnea. 


€  =  e 

(vaXeo^^ 

V  -=  e 

(^eiprivrj) 

V  --  a 

(ireiprivn) 

e^th 

(njdiJ?) 

i  =^  i 

{^a\m)^ 

K  ^  c 

(i-mroKp^vrf) 

i  =  x 

(few?) 

p^r 

(iTTepov) 

v^y 

(i'/309)_ 

at  =  ae 

(7ufivato<}) 
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av  =  au  (yXavKo^:)  —  Glaucus. 

^*  =  *      (X^^^O  —  Chilostomum,  not  Cheilostoma. 

€v  ^  eu   (e5po<?)  —  Eunis. 

ip,  ot  ==  oe    (oUeai)  —  Dioeca,   Dendroeca,   not   Dioica, 

Dendroica. 

final     ov  =  um  {i<j)iinn,ov)  —  Ephippium,  not  Ephippion. 

final     09  =  t«   (6/M(f>a\6s;)  —  Euomphalus,  not  Euomphalos. 

ou  =  w     (XovTTipiov)  —  Luterium,  not  Lotorium. 

Tf  ^  '^9  (orfyapeia)  —  Angaria. 

yX  '^  ^^^  (a7;^toTo/AOi/)  —  Anchistomum,  not  Angistoma 

yK  =  nc   (dyKiarpov)  —  Ancistrodon,  not  Agkistrodon. 

p  =  rh   (pea)  —  Rhea. 

i  =  he   (ipfiala)  —  Hennsea,  not  Ermaea. 

G.  Transcription  of  geographic  and  proper  names. 

The  geographic  names  of  nations  which  employ  the  Latin  char- 
acters are  to  be  written  with  the  orthography  of  the  country  in  which 
they  originate. 

The  following  rules  apply  only  to  the  geographic  names  of  coun- 
tries which  have  no  true  alphabet  or  which  use  letters  that  are  different 
from  the  Latin  alphabet. 

Names  of  places,  however^  which  have  been  established  by 
long  usage  preserve  their  usual  orthography.  Examples:  Algiers, 
Moscow, 

1.  The  vowels  a,  e,  i,  and  o  are  pronounced  as  in  French,  Italian, 
Spanish,  or  German.    The  letter  e  is  never  mute. 

2.  The  French  sound  u  is  represented  by  u  with  dieresis,  as  in 
German. 

3.  The  French  sound  ou  is  represented  by  u,  as  in  Italian,  Spanish, 
German,  etc. 

4.  The  French  sound  eu  is  represented  by  o?,  pronounced  as  in 
the  French  word  ceil. 

5.  The  long  sound  of  a  vowel  is  indicated  by  a  circumflex  accent; 
the  interrupted  sound  is  indicated  by  an  apostrophe. 

6.  The  consonants  b,  d,  /,  ;,  k,  I,  m,  n,  p,  q,  r,  t,  v,  and  z  are  pro- 
nounced as  in  French. 

7.  The  letters  g  and  s  always  have  the  hard  sound,  as  in  the  French 
words  gameUe  and  sirof, 

8.  The  sound  represented  in  French  by  ch  is  designated  by  sh. 
Examples;  shSrif,  Kashgar, 

9.  Kh  represents  the  harsh  guttiutil;  gh  represents  the  soft  gut- 
tural of  the  Arabs. 

10.  Th  represents  the  sound  which  terminates  the  English  word 
j>aih  (0  in  Greek).  Dh  represents  the  sound  which  commences  the 
English  word  those  (S  in  Greek). 

IL  Aside  from  such  employment  (9,  10)  of  the  letter  h  modifying 
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the  letter  which  precedes  it,  h  is  always  aspirated;  the  apostrophe  is 
therefore  never  used  before  a  word  commencing  with  h. 

12.  The  semivowel  represented  by  y  is  pronounced  as  in  yole. 

13.  The  semivowel  w  is  pronounced  as  in  the  English  word 
William. 

14.  The  double  sounds  dj,  ich,  is,  etc.,  are  indicated  by  letters 
representing  the  sounds  which  compose  them.    Example:  Matshim. 

15.  The  n  is  pronounced  gn,  as  in  seigneur. 

16.  The  letters  x,  c,  and  q  are  not  used,  since  they  are  duplicates 
of  other  letters  representing  the  same  sounds;  but  q  may  serve  to 
indicate  the  Arabic  qaf,  and  the  soft  aspirate  may  be  used  to  represent 
the  Arabic  aln. 

An  attempt  should  be  made  to  indicate  as  exactly  as  possible,  by 
means  of  the  letters  given  above,  the  local  pronunciation  without  try- 
ing to  give  a  complete  representation  of  all  the  sounds  which  are 
heard. 

Propositions  now  pending  before  the  Commission 

There  are  two  series  of  propositions  now  pending  before  the 
Commission  to  which  the  attention  of  zoologists  is  invited: 

Prof.  F.  C.  von  Msehrenthal  (Berlin)  published  (1904,  pp.  89-138) 
in  Band  1  of  the  Zoologische  Annalen  an  Entvmrf  von  Regeln  der 
zoohgischen  Nomenclatur.  Als  Grundlage  fur  eine  Neubearbeiiung 
der  intemationalen  Regeln  der  intemaiionalen  Nomenclatur-Corn^ 
mission.  This  "Entwurf"  was  in  the  hands  of  the  Commission 
more  than  one  year  prior  to  the  Boston  meeting,  but  upon  an  intima- 
tion from  Professor  von  Maehrenthal,  who  was  not  present  at  Boston, 
it  was  laid  upon  the  table  without  formal  action. 

The  Linnsean  Society  of  London  has  forwarded  to  the  Commis- 
sion the  following  formal  communication: 

LINNEAN  society  of  LONDON 

Zoological  Nomenclatubb 

Tlie  Council  of  the  Linnean  Society  of  London  in  their  Meeting  held  on  15th 
November,  1906,  adopted  the  following  Report  of  their  Committee  on  Zoological 
Nomenclature,  and  ordered  the  Report  with  the  accompanying  amendments  to 
be  communicated  to  the  Executive  of  the  International  Commission  on  Zoologi- 
cal Nomenclature  to  be  laid  before  the  International  Congress  on  Zoology,  to 
be  held  at  Boston,  Massachusetts,  in  1907. 

REPORT 

The  Committee  on  Zoological  Nomenclature  appointed  by  Council  Minute 
of  16th  March  and  Ist  June,  1905,  have  carefully  considered  the  whole  question, 
and  have  devoted  particular  attention  to  the  proposed  International  Rules 
drawn  up  by  Professor  Raphael  Blanchard  and  his  colleagues  for  presentation 
to  the  forthcoming  International  Zoological  Congress  at  Boston,  Massachusetts, 
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in  1907.  Having  deliberated  upon  the  various  Articles,  published  in  French, 
English,  and  German,  in  Paris,  1905,  your  Committee  beg  to  recommend  in  gen« 
eral  terms:  — 

That  the  "Ragles  Internationales  de  la  Nomenclature  Zoolog^que"  should  be 
accepted,  and  be  supported  by  the  authority  of  the  Counol  of  the  Linnean 
Society  of  London. 

In  adopting  and  forwarding  this  recommendation,  the  Council  at  the  same 
time  desire  to  submit  for  the  consideration  of  the  Zoological  Congress  to  be  held 
at  Boston  in  1907,  the  following  series  of  amendments  drawn  up  and  recom- 
mended by  the  above-mentioned  Committee  on  Zoological  Nomenclature  ap- 
pointed by  the  Council  of  the  Tiinnean  Society  of  London. 

Suggested  Amendments 

The  amendments  *  suggested  by  the  Committee  above-mentioned  are  as  follows:  — 

Article  3.  —  Omit  all  after  the  word  "  such." 

Abt.  4,  line  3.  —  Delete  words  after  "of*  and  substitute  "the  genus  from 

which  it  is  derived." 
Abt.  5.  —  Substitute  "  The  change  of  the  name  of  a  genus  necessitates  a 
corresponding  change  in  a  family  or  subfamily  name  derived  from 
that  genus,  e.  ^.,  as  Hvrax  had  to  be  replaced  by  Procavia,  there- 
fore Hyracidae  had  to  become  Procaviidae." 
Art.  6,  line  3.  —  Delete  after  "  co-ordinate." 
Abt.  8.  —  In  "  h "  of  Recommendations,   change  examples  to  correspond 

with  Rule  20. 
Abt.  11,  line  3.  —  Delete  after  "co-ordinate." 

Abt.  12.  —  Substitute  "  That  a  specific  name  must  be  used  as  the  sub-specific 
name  when  the  species  so  named  is  regarded  as  a  sub-species,  and 
vice  versa." 
Abt.  13. — Substitute  "All  specific  names  should  be  written  with  a  small 
initial  letter,  as  Rhizostoma  cuvieri,  Corvus  corax,  not  Rh.  Cuvieri, 
C.  Corax." 
Abt.  14.  —  *'a,**Kne  2. — After   "name"    insert    "All   generic   names   in 
Zoology  to  be  treated  as  masculine,  c.  g.  Felis  marmoratus." 
(The  fact  that  words  of  so  apparently  masculine  form  as 
bipsacus  and  Boocercus  are  feminine,  of  feminine  form  as 
,     Melicerta  and  Porsenna  are  masculine,  and  Peras  and  Phryno- 
soma  are  neuter,  indicate  the  advisability  of  some  such  rule 
as  that  now  suggested.     It  would  greatly  increase  the  value 
of  the  rule  if  Botanists  would  agree  to  regard  their  genera 
as  feminine). 
c.  —  Substitute  "  If  the  name  is  a  modem  patronymic,  and  the 
Latin  analogy  is  not  available,  the  gemtive  may  be  form^ 
by  adding  to  the  exact  and  complete  name,  an  i  if  the 
person  is  a  man,  or  an  se  if  the  person  is  a  woman;   it  is 
placed  in  the  plural  if  the  dedication  involves  several  per- 
sons of  the  same  name.    Examples:   from  Cuvier,  cuvieri; 
from  Merian,  meriance;   from  Salmon,  salmoni;  from  Lin- 
naeus, linnad;  from  Bovallius,  hovaUii" 
Abt.  20.  —  After  the  word  "retained,"  insert    "as   far   as    possible,  but 

diacritical  marks  may  be  omitted." 
Abt.  21.  —  Add,  as  a  second  paragraph :  — 

"A  named  figure  published  without  description,  is  equally  valid 
with  a  description. 
Abt.  22.  —  Delete  the  whole  of  the  Recommendation,  with  its  footnote. 
Abt.  23.  —  In  the  fifth  line,  after  "but,"  insert  "may  be." 
Abt.  27.  —  In  Section  6,  for  "larva,"  substitute     any  stage  in  the  life 

history." 
Art.  28.  —  Delete  from  last  line,  the  words  "page  precedence." 

'  The  amendments  are  based  on  the  English  Version  as  printed  on  pages  29- 
43  of  the  "Ragles." 
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Abt.  35.  —  Insert  as  a  third  para^ph :  — 

"Names  of  the  same  ongin  and  meaning  shall  be  considered  as 

identical  with  regard  to  preoccupation  if  they  are  only  distinguished 

from  each  other  by  the  following  differences :  — 

The  alternative  use  of  se,  ob,  and  e.    Examples :  caendeus^  coendeuSy 

certdeua.    ei,  i,  and  y,  as  ckiropus,  cheiropusj  c  and  k  as  microdon^ 

mikrodan. 

The  aspiration  or  non-aspiration  of  a  consonant,  as  oxyryrums, 

oxyrhynchus. 
The  presence  or  absence  of  a  c  before  t^  as  autumnalis,  auctumnalis. 
By  a  consonant  being  single  or  double,  as  litoralis,  liUoralis. 
By  a  different  method  of  suffixing  ensia  to  a  geographical  name, 
as  UmorensiSf  timariensia.** 
(With  consequential  alterations  towards  the  end  of  Art.  36.) 
Abt.  36.  —  Recommendationa,    line   2.  —  For    "  which   differ   from   ^neric 
names  already  in  use,"  substitute  "having  the  same  meaning  as 
generic  names  alreadv  in  use  and  differing  from  these  imless  other- 
wise provided  for  in  Art.  35." 
Page  39,  line  3.  —  After  "account'*  insert  "imless  the  differences  come  into 

the  list  given  above  (Art.  35,  par.  3).** 
Page  39,  line  4.  —  Delete  "  Macrodony  Microdon." 
Page  39,  line  10.  —  For  "not'*  substitute  "only." 

Page  39,  line  11.  —  Delete  "on  this  account"  and  substitute  "if  their  differ- 
ences are  such  as  fall  under  the  list  above  quoted  (Art.  35,  par.  3)." 
Page  39,  line  15.  —  Delete  caendeua,  coendeua^  ailvestria. 
Page  39,  line  16.  —  Delete  ailvaiicuay  litoraliaj  liUoraliaf  autumnalia,  audun^ 

nalia. 
Page  39,  line  17.  —  Delete  dama^  damma. 
Appendix  F.,  page  40.  —  Substitute  the  following  heading:  — 

Transliteration  of  Greek  Words 

"In  forming  new  names  the  method  of  transliterating  the  Greek  characters 
should  be  as  follows:  —  " 

Appendix  G.,  page  41,  line  1.  —  For  "rules"  read  "recommendations." 
Errora  in  printing  the  R^lea  ahmdd  cdao  be  corrected. 

The  foregoing  series  of  propositions  reached  the  Executive  Com- 
mittee of  the  Commission  within  less  than  one  year  prior  to  the 
Boston  meeting,  and  on  this  account  the  Commission  was  unable, 
under  the  rules,  to  take  any  formal  action  upon  the  amendments 
suggested.  The  Linnsean  report  will  come  before  the  next  meet- 
ing of  the  Congress  for  formal  consideration. 

Submitted  by  the  Council,  Aug.  22 

The  Seventh  International  Zoological  Congress  desires  to  record 
its  high  appreciation  of  the  great  services  to  science  rendered  by  the 
Concilium  Bibliographicum  of  Zurich.  It  notes  with  satisfaction 
the  tendency  of  existing  bibliographies  to  amalgamate  with  the 
institute  as  a  redognized  centre.  It  urges  upon  all  the  imperative 
necessity  of  extending  adequate  support  to  this  work.  It  especially 
requests  the  newly  appointed  American  Committee  to  use  every 
eflFort  to  increased  support. 
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ADDRESSES 

ADDRESS  OF  THE   PRESmENT 

ALEXANDER  AGASSIZ 

I  HAVE  the  honor  on  behalf  of  the  American  zoologists  to  welcome 
here  the  zoologists  who  have  honored  us  by  their  presence.  I  wish 
this  pleasant  duty  had  fallen  to  the  lot  of  one  younger  than  myself,  who 
had  not  yet  passed  the  allotted  threescore  years  and  ten,  one  who 
could  look  forward  with  the  younger  and  more  active  members  of  our 
Congress,  and  be  a  zealous  cooperator  in  the  plans  and  schemes  of 
the  new  zoology  of  the  coming  century,  and  not  be,  as  I  must,  a 
passive  looker-on,  though  an  interested  one. 

A  mere  ^nce  at  the  programme  of  this  meeting  cannot  fail  Co 
emphasize  the  many  and  varied  interests  which  claim  the  attention 
of  the  members  of  this  Congress. 

Zoology  as  it  was  understood  in  the  days  when  my  contemporaries 
were  commencing  their  careers,  covered  a  comparatively  limited  field, 
the  whole  of  which  could  be  grasp^  by  any  one  of  its  devotees,  who 
were  not  compelled,  as  are  the  students  of  to-day,  to  confine  their 
researches  to  specialties  if  they  wish  to  share  in  the  advance  of  the 
field  of  science  they  have  selected.  No  one  person  can  hope  to  tread 
the  range  of  the  whole  of  zoology  as  subdivided  in  our  days.  To  be 
a  master  in  a  small,  circumscribed  field  from  which  to  judge  and  test 
the  application  of  general  theories,  is  about  all  any  one  of  us  may  hope 
to  do. 

Nothing  is,  perhaps,  more  marked  in  modem  zoology  than  the 
great  inroads  which  physiology  has  made  into  the  methods  of  zoology. 
Our  zoological  laboratories  have,  to  a  great  extent,  become  labora- 
tories of  animal  physiology.  All  the  questions  of  morphology,  of 
systematic  zoology,  of  geographical  distribution,  have  been  relegated 
to  a  position  of  comparative  insignificance,  while  speculation  and 
mathematics  have  assumed  in  the  new  zoology  an  importance  which 
tends  to  overwhelm  research  in  the  phenomena  underlying  all  study 
of  nature.  We  can  no  longer  claim  to  be  making  a  '^  scientific  use  of 
the  imagination."  We  seem  to  have  entered  what  we  might  call  the 
period  of  the  scientific  abuse  of  imagination. 

Following  the  precedent  set  for  us  by  former  zoological  congresses, 
we  shall  hope  to  hear  from  some  of  our  foreign  visitors  on  subjects  of 
general  interest,  and  leave  to  the  Sections  and  their  meetings  the  dis* 
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cussions  of  the  specialists,  who  have  a  common  interest  in  more  limited 
fields. 

Taking  the  example  of  some  of  my  predecessors  in  office,  you  will 
allow  me  to  sketch  briefly  the  part  I  have  taken  in  some  of  the  modem 
problems  of  zoology. 

As  one  who  for  nearly  forty  years  has  followed,  to  the  exclusion  of 
all  other  and  former  studies,  the  new  fields  of  inquiry  opened  by  the 
deep  sea  explorations  of  the  last  part  of  the  previous  century,  in  which 
i\mericans,  English,  Scandinavians,  French,  Germans,  Austrians, 
Italians,  Russians  and  Dutch  have  taken  a  prominent  part,  I  may 
be  excused  if  I  attempt  to  interest  the  members  of  the  Congress  in  a 
short  sketch  of  the  share  Americans  have  had  as  pioneers  in  that 
field. 

We  must  go  back  to  1846,  when,  under  the  auspices  of  Bache,  the 
first  investigation  of  the  Gulf  Stream  was  undertaken  by  the  Coast 
Survey,  and  to  the  early  days  of  1867,  when  Pourtalfes,  in  the  United 
States  Coast  Survey  Steamer  "Corwin,"  dredged  to  the  then  great 
depth  of  six  hundred  fathoms.  Almost  simultaneously  with  this,  in 
1868,  occurred  the  trial  trips  of  the  "Lightning"  and  "Porcupine" 
under  the  lead  of  Carpenter,  Thomson  and  Jeffreys.  These  expedi- 
tions on  the  part  of  the  EngUsh  led  to  the  "Challenger"  expedition,  — 
the  three-year  cruise  of  which,  under  Thomson,  laid  the  foundation 
of  Thalassography.  On  the  American  side  the  "Challenger"  was 
followed  by  the  expeditions  of  the  United  States  Coast  Survey  Steamer 
"Blake,"  of  which  I  had  the  goo4  fortune  to  be  in  charge.  For  three 
seasons  the  "Blake"  carried  on  work  similar  to  that  of  the  "Challen- 
ger" along  the  east  coast  of  the  United  States  from  the  Banks  of 
Newfoundland  to  the  Gulf  of  Mexico  and  through  the  Caribbean  Sea. 

On  her  first  cruise  the  "Blake"  was  in  command  of  Lieut.  Comdr. 
Sigsbee,  to  whose  inventive  skill  was  due  many  of  the  devices  facili- 
tating the  work  on  that  vessel.  The  apparatus  in  use  by  the  "Blake" 
has,  with  slight  modifications,  been  adopted  by  the  subsequent  deep 
sea  expeditions  which  have  extended  and  supplemented  the  work  laid 
out,  in  its  grand  outlines,  by  the  "  Challenger"  and  "  Blake." 

The  work  of  the  "Princess  Alice"  under  the  Prince  of  Monaco 
included  part  of  the  Mediterranean  and  the  Eastern  and  Northern 
Atlantic  from  the  Azores  to  Spitzbergen.  The  French  vessels  "Tra- 
vailleur  "  and  "Talisman,"  with  Alphonse  Milne-Edwards  and  Perrier, 
explored  the  Atlantic  somewhat  south  of  this  area. 

The  Red  Sea  was  examined  by  the  "Pola"  under  Steindachner, 
the  Indian  Ocean  by  the  "Investigator"  in  charge  of  Alcock,  a 
German  expedition  in  the  "National,"  under  Hensen,  was  sent  out  to 
study  the  pelagic  fauna  of  the  Northern  Atlantic,  and  another  German 
deep  sea  expedition,  that  of  the  "Valdivia,"  in  charge  of  Chun, 
examined  parts  of  the  Atlantic  not  covered  by  former  expeditions,  and 
a  great  part  of  the  Indian  Ocean  not  included  by  the  "Investigator/* 
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I  need  not  mention  a  number  of  minor  expeditions  undertaken  for 
specific  purposes. 

Our  knowledge  of  the  hydrography  of  the  Antarctic  region,  where 
at  the  beginning  of  the  past  century  a  couple  of  deep  sea  soundings 
were  made  by  Ross,  has  been  vastly  enlarged  by  the  expeditions  of 
the  "Discovery,"  of  the  "Gauss"  and  of  the  "Belgica,"  and  the 
Swedish  and  French  ships,  while  each  Arctic  expedition,  where  the 
first  sporadic  deep  sea  lutuls  were  made  in  1861,  by  Swedish  expedi- 
tions under  Torrell,  and  more  especially  those  of  the  "  Voringen"  and 
"Fram,"  have  enlarged  that  of  the  Arctic  seas. 

With  the  exception  of  the  expeditions  of  the  "Princess  Alice,"  and 
of  those  of  the  "Albatross,"  the  leaders  of  the  cruises  I  have  named 
were  limited  to  single  expeditions,  while  it  has  been  the  good  fortune 
of  the  Prince  of  Monaco,  as  well  as  of  myself,  to  have  been  able,  year 
after  year,  to  go  on  with  our  work  and  carry  on  continuous  oceanic 
researches. 

The  results  of  these  numerous  expeditions  have  been  partially 
published.  Those  of  the  "Challenger"  have  been  completed,  thanks 
to  the  energy  and  devotion  of  Sir  John  Murray,  and  the  noble  file  of 
volumes  of  the  voyage  of  the  "Challenger"  will  ever  remain  a  monu- 
ment of  oceanic  research. 

The  publications  of  the  "Gazelle,"  "Blake,"  "Travailleur,"  the 
"Talisman,"  the  Norwegian  North  Atlantic  Expedition,  the  "Ingolf," 
the  "Investigator,"  "Pola,"  the  Plankton  Expedition,  the  "Siboga," 
the  "Princess  Alice,"  the  " Valdivia"  and  the  "Albatross,"  while  not 
so  extensive,  yet  fill  many  of  the  gaps  left  by  the  "Challenger"  ex- 
plorers, and  a  glance  at  these  interesting  volumes  treating  of  the 
physics,  chemistry,  zoology  and  geology  of  the  oceans  are  evidence  of 
the  great  influence  these  researches  have  had  upon  the  development 
of  Thalassography. 

I  may  close  by  a  special  reference  to  the  work  of  the  United  States 
Fish  Commission  Steamer  "Albatross,"  built  in  1882  under  the 
supervision  of  Professor  Baird,  as  a  steamer  for  fishery  work.  She 
soon  took  her  place,  owing  to  her  superb  equipment,  as  the  boat  best 
adapted  for  marine  investigation.  For  several  years  she  was  occupied 
in  exploring  the  East  coast  of  the  United  States  from  the  Banks  of 
Newfoundland  to  the  extremes  of  the  Caribbean  Sea.  Her  field  of 
operation  was  next  transferred  to  the  Pacific,  and  her  track  became  a 
thread  of  most  interesting  observations  connecting  the  fauna  of  the 
Southern  Atlantic  to  that  of  the  Pacific,  through  the  Straits  of  Ma- 
gellan as  far  as  California.  Then  began  a  systematic  exploration  of 
the  West  coast  of  the  United  States,  of  the  fisheries  of  Alaska,  and 
of  the  Aleutian  Islands.  Next,  hydrographic  work  along  the  coast  of 
Southern  California,  of  Mexico,  across  to  the  Sandwich  Islands,  and 
repeated  trips  to  Japan  in  the  interest  of  fisheries  and  hydrography. 

I  was  fortunate  enough,  thrice,  to  be  placed  in  charge  of  the 
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"Albatross,"  once  for  an  extended  exploration  of  the  Panamie  region, 
when  she  was  commanded  by  Tanner,  that  veteran  deep  sea  dredger. 
A  second  time,  when  she  swept  for  more  than  nine  months  through  the 
Pacific,  from  San  Francisco  to  the  ^larquesas,  the  Paumotus,  Society 
Islands,  Cook  Islands,  Tonga,  Fiji,  Ellice,  Gilbert  Islands,  to  the 
Marshalls,  Carolines  and  Guam,  winding  up  in  Japan.  On  this  ex- 
pedition I  had  the  opportunity  of  making  extensive  observations  on 
coral  reefs,  which  supplement^  those  I  had  in  previous  years  made  in 
Florida,  the  West  Indies,  Galapagos,  on  the  Great  Barrier  Reef  of 
Australia,  and  in  the  wonderful  coral  regions  of  Fiji  and  of  the  Mal- 
dives. These  observations  have  greatly  modified  our  views  regarding 
the  formation  of  coral  reefs.  But  this  is  not  the  place  to  discuss  the 
older  theories. 

Finally,  I  was  in  charge  of  the  "Albatross"  a  third  time,  when  she 
steamed  throu^  the  Eastern  Pacific,  covering  one  of  the  most  in- 
teresting of  oceanic  areas,  practically  a  mare  i7icognitum,  an  inmiense 
rectangle  bounded  by  lines-  drawn  from  the  coast  of  South  America, 
thence  to  Easter  Island,  to  the  Galapagos,  to  Mangareva,  and  Aca- 
pulco,  a  region  of  the  Pacific  which  had  not  been  visited  by  former 
expeditions. 

The  results  of  these  expeditions  of  the  "Albatross"  have  been 
issued,  as  far  as  completed,  in  the  publications  of  the  Museum  of 
Comparative  Zoology,  and  to  my  many  colleagues  in  this  country 
and  in  France,  Grermany,  Austria,  Russia,  England,  Italy,  Denmark, 
Holland,  Norway,  Sweden,  Switzerland  and  Japan,  who  have  so 
kindly  devoted  their  time  and  skill  to  the  preparation  of  the  Reports  on 
the  collections  and  data  obtained,  I  am  deeply  grateful.  Of  these  col- 
laborators there  have  been  ninety-four,  and  forty-four  are  still  at  work 
on  parts  of  the  collections.  It  will  undoubtedly  seem  strange  to  my 
European  hearers  to  be  informed  that  the  publications  of  the  "Alba- 
tross" expeditions  have  not  been  cared  for  by  the  Federal  Govern- 
ment. It  certainly  seems  an  anomaly  that  the  enormous  amount  of 
material  collected  so  diligently  by  the  "Albatross"  for  more  than 
twenty  years  at  a  very  great  outlay,  should  be  accumulating  in  the 
store-rooms  of  the  National  Museum  and  in  the  archives  of  the  Fish 
Commission  for  want  of  a  very  moderate  appropriation,  compared 
to  the  cost  of  collecting  the  data,  to  publish  the  results  which  have 
been  brought  together.  This  neglect  is  the  more  strange  as,  with  the 
exception  of  the  "Princess  Alice,"  the  "Albatross"  is  the  only  govern- 
ment vessel  which  has  been  built  for  deep  sea  work  and  kept  in 
constant  commission  for  a  period  of  twenty-five  years. 

The  problem  which  presented  itself  as  of  the  greatest  interest  in 
connection  with  my  deep  sea  work  was  the  study  of  the  marine  fauna 
on  the  two  sides  of  the  Isthmus  of  Panama,  Much  has  been  written 
on  the  relationship  of  the  marine  animals  of  the  Caribbean  and  of  the 
Panamie  region,  but  the  speculations  are  all  based  upon  data  supplied 
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by  collections  made  upon  the  littoral  regions,  It  was  not  until  the 
collections  made  by  the  "Blake"  on  the  Atlantic  and  Caribbean  side, 
and  by  the  "Albatross"  on  the  Panamic  side,  were  studied,  collec- 
tions extending  to  the  deepest  waters  of  both  regions,  that  we  were 
able  to  speculate  with  some  degree  of  certainty  upon  the  causes  which 
led  to  the  existence  of  the  peculiar  fauna  characteristic  of  the  deep 
waters  of  the  Caribbean,  a  fauna  more  closely  allied  to  the  Panamic 
deep-water  fauna  than  to  that  of  the  Atlantic,  and  suggesting  that 
after  the  formation  of  the  Windward  Islands,  which,  in  great  part, 
cut  off  the  Caribbean  from  the  Atlantic,  there  must  have  been  a  free 
connection  with  the  Panamic  region  of  a  depth  greater  than  that 
which  connected  it  with  the  Atlantic. 

It  of  course  became  necessary  to  carry  on  geological  surveys  to 
determine  the  age  at  which  these  connections  were  established,  and 
again  closed,  to  obtain  some  measure  of  the  time  elapsed  necessary 
to  differentiate  the  marine  fauna  of  the  two  sides  of  the  Isthmus  of 
Panama.  While  the  length  of  this  period  can  only  be  vaguely  inferred, 
it  gives  us  at  any  rate  the  comparative  measure  of  the  changes  which 
have  taken  place  in  these  faunse  from  the  time  when  the  marine 
fauna  of  the  later  Cretaceous  was  passing  into  the  older  and  more  re- 
cent Tertiaries,  and  until  the  existing  state  of  things  was  established. 
The  preliminary  geological  studies  I  carried  on  in  connection  with  the 
study  of  the  West  Indian  coral  reefs,  necessary  to  determine  the  age 
of  the  development  of  the  larger  Antilles  and  of  the  Windward  Islands, 
have  been  extended  for  me  by  Hill  and  others,  so  that  we  now  have  a 
fair  idea  of  the  geological  sequence  of  events  in  the  growth  of  the 
Caribbean  area. 

The  careful,  comparative  study  of  the  collections  of  the  "Blake" 
and  "Albatross"  is  now  nearly  complete,  —  a  study  carried  out  by 
specialists  is  absolutely  essential,  for  no  mere  superficial  sketch  even 
by  an  experienced  zoologist  will  suffice  in  drawing  conclusions  of  any 
value  and  bring  out  the  minute,  interesting,  fundamental  details 
which  no  general  zoologist  can  hope  to  grasp.  Whatever  final  value 
the  correlation  of  these  Reports  may  have  will  be  due  to  the  assistance 
I  have  received  from  my  collaborators  in  so  many  special  fields,  and 
my  indebtedness  to  them  I  find  it  difficult  to  express. 
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UEBER  NEUE  PROBLEME  DER  ZELLENLEHRE* 
RICHARD  HERTWIG 

Die  Biologic  verdankt  dem  verflossenen  Jahrhundert  zwei  Theo- 
rien,  welche  wie  keine  anderen  alle  vom  Leben  handelnden  Wissen- 
schaften  gewaltig  gefordert  haben.  Es  sind  das  die  Descendenztheorie 
und  die  Zellentheorie.  Beide  Theorien  haben  das  Gemeinsame,  dass 
ihre  ersten  Anfange  in  vergangene  Jahrhunderte  zurlickgreif en ;  sie 
unterscheiden  sich  in  ihrem  weiteren  Entwicklungsgang.  Bei  der 
Descendenztheorie  trat  immer  mehr  ihr  hypothetischer  Charakter 
hervor,  je  mehr  Zoologie,  Botanik  und  Palaontologie  sich  im  Bestreben 
vereinigten,  sie  auf  eine  gesicherte  Basis  zu  stellen,  Immer  mehr 
brach  sich  die  Ueberzeugung  Bahn,  dass  flir  die  sichere  Begriindung 
der  Theorie  es  notwendig  sei,  eine  Summe  von  fundamental  wichtigen 
Vorfragen  zur  Entscheidung  zu  bringen,  Vorfragen,  welche  allein 
schon  Probleme  von  einschneidendster  Bedeutung  darstellen:  ich 
nenne  als  solche  nur  die  Probleme  der  Variabilitat  und  der  Vererbung, 
der  Uebertragung  der  erworbenen  Eigenschaften  auf  die  Nachkom- 
menschaft,  des  Einflusses  und  der  Wirkungsweise  der  Existenzbe- 
dingungen  u.  s.  w. 

Ganz  anders  die  Zellentheorie  I  Man  kann  sagen,  sie  ist  jetzt  keine 
Theorie  mehr,  sondem  eine  fest  und  sicher  begrundete  Lehre,  die  sich 
immer  mehr  mit  einem  reichen  Inhalt  von  klaren  Vorstellungen  erflillt 
hat.  Friiher  einer  der  vielen  Zweige  der  biologischen  Forschung 
ist  sie  jetzt  zu  einer  centralen  Wissenschaft  geworden,  zu  welcher 
die  librigen  Forschungsrichtungen,  Morphologic  und  Entwicklungs- 
geschichte,  Physiologic  und  Pathologic,  Botanik  und  Zoologie  zu- 
riickflihren,  je  mehr  sich  ihre  Probleme  vertiefen.  Auch  jene  oben 
genannten  grossen  Vorfragen  der  Descendenzlehre  sind  in  letzter 
Instanz  zellulare  Probleme. 

Der  gewaltigste  Fortschritt  aber,  welchen  die  Zellenlehre  gemacht 
hat,  betrifft  die  Methode  der  Forschung.  Lange  Zeit  Uber  eine  rein 
descriptive  Wissenschaft,  versucht  die  Zellenlehre  in  der  Neuzeit  den 
exacten  Wissenschaften,Physik  und  Chemie,nachzueifem,die  Erschei- 
nungen  nicht  nur  zu  beschreiben,  sondem  ursachlich  zu  begreifen, 
einerseits  auf  dem  Wege  des  Experiments,  andererseits  durch  die 
Anwendung  exacter  Messmethoden. 

»  Published  in  Archiv  fiir  ZeUforschung,  Bd.  I,  pp.  1-32,  1908. 
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Auf  diese  neueste  Phase  der  Zellenlehre  mochte  ich  in  diesem 
Aufsatz  eingehen.  Da  es  bei  dem  ganz  ausserordentlichen  Umfang, 
welchen  die  Zellenlehre  in  der  Neuzeit  gewonnen  hat,  mir  begreif- 
licherweise  nicht  moglich  ist,  alien  die  Zellforschung  besehaftigenden 
Fragen  gerecht  zu  werden,  werde  ich  mich  auf  Probleme  beschrEnken, 
welche  mich  in  letzter  Zeit  ganz  besonders  beschaftigt  haben. 

Bei  meinen  Auseinandersetzungen  werde  ich  an  dem  wohl  von  den 
meisten  Biologen  vertretenen  Satz  festhalten,  dass  die  Zelle  die  mor- 
phologische  nnd  physiologische  Einheit  des  tierischen  und  pflanz- 
lichen  Korpers  ist.  Bekanntlich  hat  es  nicht  an  Bestrebungen  gefehlt, 
welche  in  noch  kleineren  Gebilden,  den  Granula  oder  anderweitigen 
kleinsten  Teilchen  die  eigentlichen  Lebensherde  haben  erblicken 
woUen;  diese  Bestrebungen  haben  aber  bisher  nur  zu  Misserfolgen 
gefuhrt  und  unsrer  Erkenntnis  der  Lebensprcwsesse  keine  Forderung 
gebracht  Aehnliches  scheint  mir  von  der  entgegengesetzten  Richtung 
zu  gelten,  welche  zur  Erklarung  der  Lebensvorgange  ein  von  den 
Zellen  unabhangiges,  nicht  aus  ihrem  Gesamtwirken  resultierendes, 
sondem  iiber  ihnen  stehendes  und  sie  beherrschendes  Organisations- 
prinzip  annimmt.  Ein  derartiges  Prinzip  konnte  immer  nur  ein  vitali- 
stisches  sein.  Wie  alle  vitalistischen  Vorstellungen  stiitzt  sich  auch 
diese  Vorstellung  auf  die  UnvoUkommenheit  unsres  Wissens,  dass 
viele  Erscheinungen  des  Gesamtorganismus  zur  Zeit  noch  nicht  aus 
den  Erscheinungen  des  Zellen  lebens  erklart  werden  konnen.  Daraus 
folgt  aber  nicht,  dass  das  in  Zukunft  so  sein  wird.  Noch  ist  der  Zeit^ 
punkt  nicht  gekommen,  um  mit  Erfolg  die  Fragestellung  in  Angriff  zu 
nehmen,  wie  eine  Zelle  von  der  anderen  in  ihren  Lebenserscheinimgen 
beeinflusst  wird  und  ob  nicht  aus  derartigen  wechselseitigen  Beein- 
flussungen  die  wunderbare  Harmonic  des  Gresamtlebens  resultiert, 
welche  vielen  ein  iiber  die  Zellenlehre  hinausgehendes  vitalistisches 
Prinzip  zu  erfordem  scheint.  Wie  hatte  auch  eine  derartige  Forsch- 
ung  Aussicht  auf  Erfolg.zu  einer  Zeit,  in  welcher  wir  erst  anfangen, 
vom  Leben  der  Einzelzelle  ein  tieferes  Verstandnis  zu  gewinnen,  indem 
wir  die  Wechselwirkungen  ihrer  Teile  untersuchen  ?  Es  ist  noch  nicht 
lange  her,  dass  sich  die  Biologen  damit  begniigten,  den  Kern  als  das 
Organ  der  Vererbung,  das  Protoplasma  als  den  Trager  der  Funktion 
zu  bezeichnen,  ohne  dass  es  moglich  gewesen  ware,  wenigstens  die 
erstere  Vorstellung  emsthafter  zu  begrUnden.  Derartige  Schlagworte 
sind  fiir  den  Biologen  ebenso  ungeniigend  wie  flir  den  Chemiker  die 
Unterscheidung  von  Sauren  und  Basen.  Wie  der  Chemiker  die  Art 
der  Wechselwirkung  von  Sauren  und  Basen  genauer  untersucht  und 
nach  Mass  imd  Gewicht  bestimmt,  so  muss  auch  der  Biologe  fiir  den 
Wirkungsanteil  von  Kern  und  Protoplasma  exacte  Massstabe  ge- 
winnen. Und  wie  der  Chemiker  die  qualitative  Beschaffenheit  seiner 
Verbindungen  auf  ihre  Zusammensetzung  aus  Elementen  und  die 
Qualitaten  der  letzteren  zuriickzufiihren  sucht,  so  muss  auch  der 
Biologe  eine  qualitative  Analyse  der  Zellbestandteile  anstreben.    Bei 
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dem  derzeitigen  Zustand  der  organischen  Chemie  der  Eiweisskorper, 
bei  ihrem  Unvennogen,  die  Konstitution  derselben  im  toten  Zustand 
des  Materiab  zu  erforschen,  geschweige  denn  sie  als  lebendige  Telle 
zu  verstehen,  kann  eine  derartige  Analyse  nur  eine  biologische  sein, 
eine  Analyse  der  Eigenschaften,  welche  als  Anlagen  in  den  Zellbe- 
standteilen  enthalten  sind  und  im  Laufe  ihrer  Entwicklung  in  die 
Erscheinung  treten. 

Die  Moglichkeit,  das  Dunkel  zu  lichten,  welches  die  intraeellu- 
laren  Lebensvorgange  verhiillt,  wurde  dureh  zwei  ausserordentlich 
bedeutsame  Emingenschaften  der  Biologie  herbeigefuhrt.  Durch- 
schneidungsversuche  an  Protozoen  ergaben,  dass,  wenn  man  diese 
Tiere  in  kerahaltige  und  kernlose  Stlicke  zerlegt,  die  kerahaltigen 
Teibtiicke  vollkommene  Lebensf ahigkeit  besitzen ;  sie  vermogen  die 
verloren  gegangenen  Teile  zu  regenerieren,  alle  normalen  Lebens- 
funktionen  zu  erfUllen,  vor  allem  zu  assimilieren,  zu  wachsen  und 
sich  fortzupflanzen.  Kemlose  Teilstiicke  dagegen  verlieren  sofort 
oder  wenigstens  nach  einiger  Zeit  die  Fahigkeit  zu  assimilieren;  sie 
sind  daher  unfahig  zu  regenerieren,  zu  wachsen  und  sich  fortzu- 
pflanzen ;  sie  sind  noch  lange  Zeit  reizbar  imd  bewegungsf ahig,  aber 
auch  diese  Funktionen  horen  schliesslich  auf ,  weil  der  zu  ihnen  notige 
Vorrat  von  Energie  wohl  aufgebraucht,  beim  Mangel  des  Kernes  aber 
nicht  ersetzt  werden  kann.  Wie  die  Organismen  im  Allgemeinen  so 
konnen  wir  auch  die  einzelligen  Tiere  und  schliesslich  alle  lebenden 
Zellen  als  Maschinen  betrachten,  welche  Arbeit  leisten,  d.  h.  con- 
tractil  sind  und  zu  dieser  Arbeitsleistung  durch  aussere  Einwirkungen 
veranlasst  werden  konnen  d.  h.  reizbar  sind ;  aber  sie  sind  zugleich 
Gebilde,  welche  die  den  Maschinen  nicht  zukommende  Fahigkeit 
haben,  sich  selbst  in  der  ihnen  zukommenden  Eigenart  wieder  aufzu- 
bauen,  wenn  sie  sich  durch  Arbeit  verbraucht  haben  und  welche  die- 
sen  Auf  bau  auch  unabhangig  von  der  Arbeitsleistung  im  Interesse  der 
Vermehrung  bewirken.  Diese  bildnerische  Tatigkeit  der  Zelle  ist  es, 
welche  in  alien  ihren  Phasen  unter  dem  Einflusse  des  Kerns  erfolgt. 

Mit  dieser  auf  sicheren  Beobachtungen  basierenden  Auffassung 
steht  in  vollster  Uebereinstinmiung  die  zweite  wichtige  Erkenntnis, 
dass  das  Wesen  der  Befruchtung  in  der  Vereinigung  zweier  Kerne 
besteht,  welche  man  bei  den  hoheren  Tieren  und  Pflanzen  meistens 
ab  Ei-  und  Samenkem  unterscheidet,  nicht  weil  sie  selbst  sexuell 
differenziert  sind,  sondem  weil  sie  aus  sexuell  differenzierten  Zellen 
stammen.  Eine  Reihe  vielfach  angefochtener,  nach  meiner  Meinung 
aber  zwingender  Ueberlegungen  hat  aus  dieser  Tatsache  die  Konse- 
quenz  gezogen,  dass  die  Kerne  Trager  der  Vererbung  sind,  dass  sie 
die  Eigenschaften  von  Vater  und  Mutter,  d.  h.  den  Bauplan,  nach 
welchen  der  neue  Organismus  sich  aufbauen  wird,  auf  das  Kind 
ubertragen.  Das  ist  dasselbe  Resultat,  zu  welchem  uns  die  Durch- 
schneidungsexperimente  von  Protozoen  gefuhrt  haben.  Wir  konnen 
uns  das  Leben  eines  Organismus  ab  eine  Sunune  aufeinanderfolgen- 
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der  Erregungs-  und  Bew^ungszustande  auffassen,  deren  Verlauf  und 
Charakter  von  der  Architectonik  des  Substrats  abhangen,  an  denen 
sich  dieselben  abspielen.  Die  Art,  in  welcher  die  -Aichitectur  des 
Substrats  sich  aufbaut,  erhalt  und  fortbildet,  wird  vom  Keme  beein- 
flusst;  sie  ist  das  Produkt  der  gemeinsamen  Tatigkeit  von  Kern  und 
Protoplasma. 

Wenn  wir  nun  den  Versuch  machen,  einen  Einblick  in  die  Wechsel- 
wirkungen  von  Kem  und  Protoplasma  zu  gewinnen,  so  woUen  wir 
von  dem  Satze  ausgehen,  dass,  wie  bei  alien  physikalischen  und 
chemisehen  Vorgangen,  so  auch  bei  den  Lebensprozessen  ein  ge- 
wisses  Massenverhaltnis  der  wirksamen  Teile  gewahrt  sein  muss. 
Und  so  muss  auch  bei  den  Lebensprozessen  der  Zelle  ein  bestimmtes 
Massenverhaltnis  von  Protoplasma  und  Kemsubstanz  vorhanden 
sein,  ein  Verhaltnis,  fiir  welches  ich  den  Namen  "Kemplasma- 
Relation"  eingefiihrt  habe. 

Es  ist  eine  alte  Erfahrung,  dass  im  Allgemeinen  kleine  Zellen 
kleine  Keme,  grosse  Zellen  grosse  Keme  besitzen.  Es  wird  ein 
Leichtes  sein,  aus  der  biologischen  Literatur  Stellen  zu  zitieren,  in 
denen  in  mehr  oder  minder  bestimmter  Form  uber  diese  Correlation 
von  Kem-  und  Zellgrosse  gesprochen  wird.  Das  Neue,  welches  in 
der  Lehre  von  der  Kemplasma-Relation  gegeben  ist,  bt  der  Gredanke, 
dass  das  Massenverhaltnis  von  Kem  zu  Protoplasma,  der  Quotient 
|,  d.  h.  Masse  der  Kemsubstanz  dividiert  durch  Masse  des  Proto- 
plasma, ein  gesetzmassig  regulierter  Factor  bt,  dessen  Grosse  fiir 
alle  vom  Kem  beeinflussten  Lebensvorgange  der  Zelle,  fiir  Assimila- 
tion und  organisierende  Tatigkeit,  fiir  Wachstum  und  Teilung  von 
fundamentaler  Bedeutung  ist.  Ich  wurde  zu  dieser  Auffassung  ge- 
fiihrt,  als  ich  sah,  dass  Protozoen  bei  fortgesetzter  Cultur  eine  Zu- 
nahme  ihrer  Kemsubstanz  erfahren,  dass  dann  ihre  Vermehmng 
verlangsamt,  ihre  Teilungsgrosse,  die  Grosse,  bei  welcher  die  Zwei- 
teilung  eintritt,  gesteigert  wird,  dass  eine  iibermassige  Vermehmng 
der  Kemsubstanz  schliesslich  zu  tiefgreif enden  Storungen  des  Lebens- 
prozesses  fiihrt,  welche  den  Tod  zur  Folge  haben  konnen,  wenn  es 
den  Tieren  nicht  gelingt,  durch  Resorption  von  Kemmaterial  normale 
Zustande  wieder  herzustellen.  Welchen  bedeutsamen  Einfluss  die 
Masse  an  Kemsubstanz  auf  das  Leben  der  Protozoen  ausiibt,  wurde 
weiterhin  durch  die  Beobachtung  bewiesen,  dass  die  Grosse  der 
Cysten  der  Infusorien  und  die  Zahl  und  Grosse  der  Cysten  bei  Actino- 
sphaerium  ganz  erhebliche  Unterschiede  zeigten,  je  nachdem  sie  von 
Tieren  gebildet  wurden,  die  reich  oder  arm  an  Kemsubstanz  waren. 

Fiir  die  Lehre  von  der  Kemplasma-Relation  sind  von  grosser 
Bedeutung  die  Untersuchungen  GerasimofPs  an  Spirogyren  und  die 
Untersuchungen  Boveri's  an  Seeigel-Eiem  gewesen.  Grerasimofl  ist  es 
gegUickt,  die  Teilung  von  Spirogyrenzellen  in  der  Art  zu  beeinflussen, 
dass  eine  der  beiden  Tochterzellen  das  gesamte  fiir  die  Tochter- 
keme  bestimmte  Kemmaterial  erhielt,  die  andere  infolgedessen  bei  der 
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Verteilung  des  Kemmaterials  leer  ausging.  Erstere  hatte  somit  das 
Doppelte  von  Kemmaterial  einer  gewohnlichen  Zelle ;  sie  wuchs  zu 
aussergewohnlicher  Grosse  heran,  ehe  sie  sich  von  neuem  teilte;  ihre 
Abkommlinge  behielten  den  durch  die  Kemverdoppelung  eingeleiteten 
Riesenwuchs  der  Zelle  bei.  GrerasimofF  konnte  daraus  den  Schluss 
Ziehen,  dass  die  Kemgrosse  die  Zellgrosse  bestimmt. 

Boveri  endlich  verglich  die  Furchungsstadien  hemikaryotischer, 
amphikaiyotischer  und  diplokaryotischer  Seeigel-Eier  untereinander. 
Amphikaryotisch  nennt  er  normal  befruchtete  Eier,  welche  beiderlei 
Keme,  sowohl  Ei-  wie  Samenkern  und  demgemass  die  normale 
Chromosomenzahl  36  enthalten;  hemikaryotisch  sind  dagegen  Eier, 
welche  nur  einen  der  beiden  Geschlechtskerne  imd  demgemass  auch 
nur  die  halbe  Chromosomenzahl  enthalten,  entweder  den  weiblichen 
—  das  triflft  fUr  kiinstliche  Parthenogenesis  zu  —  oder  den  mann- 
liehen — das  ist  der  Fall  bei  der  sogenannten  Merogonie,  der  Befruch- 
tung  von  Eiern,  welche  den  Eikem  verloren  haben.  Diplokaryotisch 
endlich  sind  Eier,  bei  denen  eine  Verdoppelung  der  Chromosomen-^ 
zahl  des  normal  befruchteten  Eies  eingetreten  ist.  Dies  kann  dadurch 
herbeigefuhrt  werden,  dass  die  erste  Furchung  unterdriickt  wird, 
nachdem  die  Chromosomen  sich  geteilt  haben  und  die  Kemsubstanz 
somit  den  mit  jeder  Teilung  verbundenen  Zuwachs  auf  das  Doppelte 
ihrer  ursprunglichen  Masse  erfahren  schon  hat.  Die  durch  die  Teilung 
auf  die  doppelte  Zahl  vermehrten  Chromosomen  fliessen  dann  wieder 
in  einen  Kern  zusammen.  Wenn  nun  das  Ei  sich  erholt  und  weiter- 
entwickelt,  besitzt  es  zur  Zeit  der  Zweiteilung  doppelt  so  viele  Chro- 
mosome, d.  h.  doppelt  so  viel  Kemsubstanz  wie  ein  normales  in 
Zweiteilung  begriffenes  befruchtetes  Ei.  Unterwirft  man  die  drei 
besprochenen  Versuchsreihen  einer  genauen  Untersuchung  und  ver^ 
gleicht  dabei  korrespondierende  Entwicklungsstadien,  d.  h.  Stadien, 
welche  den  gleichen  Zustand  morphogenetischer  Entwicklung  auf- 
weisen,  ganz  ohne  Rucksicht  auf  die  Zahl  der  vorausgegangenen 
Teilungen  (z.  B.  Blastulae  bei  Beginn  der  Mesenchymbildung,  be- 
ginnende  Gastrulae,  Plutei,  u.  s.  w.),  so  stellt  sich  heraus,  dass  auf 
gleichem  Stadium  die  Keme  eines  hemikaryotischen  Eies  halb  so  viele 
Chromosomen  haben  als  die  Keme  eines  amphikaryotischen  imd  diese 
wieder  halb  so  viele  wie  die  Keme  eines  diplokaryotischen.  Es  stellt 
sich  femer  heraus,  dass  dasselbe  Verhaltnis  auch  fiir  die  Grossen  der 
Zellen  gilt.  Die  Zellgrossen  eines  hemikaryotischen,  amphikaryotis- 
chen und  diplokaryotischen  Eies  verhalten  sich  ebenfalb  zu  einander, 
wie  1:2:4.  Verandemngen  der  Chromosbmenzahlen  und  der  durch 
sie  bedingten  Kemgrossen  haben  somit  zu  entsprechenden  Veran- 
demngen der  Zellgrossen  gefiihrt.*    Diese  Correlation  von  Kemgrosse 

'  Was  die  KemgrOsse  anlangt,  so  wird  dieselbe  bei  den  bUischenf5nnigen 
Kemen  der  vielzelligen  Organismen  und  vieler  Protozoen  nicht  nur  von  dem  Ge- 
halt  an  spezifischer  Kemsubstanz  (Chromatin)  bestimmt,  sondem  auch  von  der 
Anwesenheit  acoessorischer  Bestandteile,  vor  Allem  von  FlOssigkeit  (dem  Kern- 
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und  Zellgrosse  ist  besonders  auflfallend  in  den  Fallen,  in  welchen  die 
zu  Anfang  der  Entwicklung  vorhandene  Masse  der  Eisubstanz  die 
gleiche  war,  wie  bei  alien  amphikaryotischen  und  diplokaryotischen 
Eiern ;  femer  auch  bei  hemikaryotischen  Eiern,  welche  durch  kiinst- 
liche  Parthenogenese  gewonnen  wurden,  sofern  sie  eine  normale 
Abfurehung  erfahren  haben.  Denn  dann  miissen  sich  die  Zahlen  der 
jedesmal  vorhandenen  Embryonalzellen  umgekehrt  verhalten  wie 
ihre  Grossen;  es  hat  auf  gleichem  morphogenetischem  Stadium  ein 
hemikaryotisches  Ei  sich  einmal  mehr  geteilt  ab  ein  amphikary- 
otisches,  und  dieses  wieder  einmal  mehr  als  ein  diplokaryotisehes, 
um  die  normale  Kemplasma-Relation  einzuhalten. 

saft).  Boveri  fand  nun,  dass  nicht  der  Keminhalt,  sondem  die  Kernoberflftche 
proportional  der  Chromosomen  zunimmt.  Daraus  wtirde  sich  ei^ben,  dass  Kerne 
rait  vielen  Chromosomen  unverhftltnismftssig  mehr  Fliissigkeit  aufnehmen  als 
Kerne  mit  wenigen  Chromosomen.  Ein  Kern  mit  der  vierfachen  Chromosomenzahl 
wOrde  im  ruhenden  Zustand  das  Achtfache  an  Fliissigkeit  enthalten.  Wahrschein- 
lich  wird  Qbrigens  der  Fliissigkeitsgehalt  der  Kerne  von  vielerlei  anderen  neben- 
8&chlichen  Factoren  abh&ngen,  z.  B.  Masse  und  Fliissigkeitsgehalt  des  umgebenden 
Protoplasma. 

Die  Untersuchungen  Boveri's  sind  yon  grossem  Interesse  ftlr  die  Frage  nach 
den  Ursachen  formbudender  Prozesse  in  der  Embryonalentwicklung.  Es  zeigt 
sich,  dass  der  Eintritt  bestimmter  entwicklungsgeschichtlicher  Vorgange  wie  z.  B. 
der  Mesenchymbildung,  der  Gastrulation,  voraussichtlich  auch  der  nistogeneti- 
schen  Prozesse  weder  an  einen  bestimmten  Teilungsschritt  noch  an  eine  bestimmte 
Zellgrdsse  gebunden  ist.  Offenbar  ist  ein  bestimmter  Zustand  der  Kemplasma- 
Relation  massgebend;  die  Kerne  wachsen  im  Lauf  der  Teilungen  auf  Kosten  des 
Protoplasmas  heran,  bis  der  zur  Organbildung  notige  Grad  des  Chromatin- 
Wachsthums  und  damit  die  n6tige  Kemplasma-Relation  erreicht  ist.  Dieselbe 
tritt,  gleiche  Temperatur  vorausgesezt,  auf  einer  frilheren  Teilun^stufe  ein.  wenn 
das  Protoplasma  des  Eies  ira  Vereleich  zur  Norm  eine  Verklemerung  oaer  del 
Kera,  z.  B.  bei  diplokaryotischen  Eiern  eine  Vei^grdsserung  erfahren  hat.  Zu  ana- 
lo^n  Resultaten  naben  die  Kalteexperimente  von  Marcus  gef iihrt.  Amphikaiy- 
otische  Eier  gastmlieren  und  bilden  Mesenchym  in  der  Kalte  auf  einem  frilheren 
Teilungsstadium  als  in  der  Wamie.  Die  entsprechenden  Entwicklungszust&nde 
haben  daher  in  der  Kalte  weniger  und  gr6ssere  Zellen,  zugleich  aber  auch  erheb- 
lich  grSssere  Kerae  als  in  der  Wftrme.  Frftulein  Erdmann,  eine  im  Milnchner 
Zoologischen  Institut  arbeitende  Dame,  hat  diese  Verhaltnisse  fiir  drei  verschie- 
dene  Temperaturen  |?enauer  untersucht  und  ist  zum  Resultat  gekommen,  dass 
Seeigellarven  zur  Zeit,  in  welcher  sie  das  Mesenchym  bilden  oaer  gastmlieren, 
ungefahr  gleichviel  Chromatin  in  der  Warme,  oder  bei  Zimmertemperatur  oder  in 
der  Kalte  oesitzen,  so  sehr  sie  sich  auch  in  Bozug  auf  Grosse  una  Zahl  der  Fur- 
chun^zellen  unterscheiden.  Ob  freilich  die  Chromatinmengen  voUkommen  gleich 
sind,  ist  mir  fraglich,  ist  auch  bei  der  Unsicherheit  der  Bestimmun^methode 
nicht  mit  Sicherheit  zu  entscheiden.  Die  im  unten  besprochenen  Experiments  an 
Protozoen,  welche  zeigen,  dass  in  der  KSlte  die  Kemplasma-Relation  zugunsten 
des  Kerns  verschoben  ist,  machen  es  wahrscheinlich,  dass  Kaltelarven  trotz  gerin- 
gerer  Kemzahl  chromatinreicher  sind  als  korrespondierende  Warmelarven. 

Dass  nicht  der  absolute  Gehalt  an  Kemsubstanz  der  massgebende  Faktor  ist, 
wird  sich  durch  das  Studium  merogoner  Larven  entscheiden  lassen.  Offenbar 
tritt  hier  Mesenchymbildung  und  Gastmlation  bei  einer  bestimmten  Zellgrdsse 
ein,  unbekQmmert,  ob  das  zur  Entwicklung  gelangte  Eistiick  von  Anfang  an 
gross  oder  klein  gewesen  ist,  wovon  die  Zahl  der  Teilungen,  welche  dem  betreffen- 
den  Entwicklungsvorgange  vorausgegangen  sind,  wieder  abh&ngt.  Femer  ist  zu 
beachten,  dass  m5glicherweise  nicht  die  Kemplasma-Relation  als  solche  die  mor- 
phogenetischen  Prozesse  ausldst,  sondern  vielleicht  die  Beschaffenheit  des  Zell- 
pla^a,  welches  durch  die  bestandige  Abgabe  von  Substanzen  an  die  Keme 
notgedrungen  wahrend  des  Furchungsprozesses  eine  Verandemng  seiner  Bes- 
chanenbeit  erfahren  muss. 
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Was  ich  hier  iiber  die  Untersuchungen  Gerasimoff's,  Boveri's  und 
meine  eigenen  Arbeiten  gesagt  habe,  I'asst  erkennen,  dass  die  Kem- 
plasma-Relation  nicht  nur  ein  bedeutsamer  Factor  im  Zellenleben  ist, 
sondem  auch  ein  Factor,  welcher  eine  exacte  Bestimmung  gestattet. 

Damit  haben  wir  eine  ge- 
sicherte  Basis  gewonnen, 
von  welcher  ausgehend  wir 
die  Veranderungen,  welche 
die  Organisation  der  Zelle 
bei  ihrer  Lebenstatigkeit, 
beim  Wachstum,  bei  ihrer 
histologischen  Umbildung 
=■  und  Vermehrung  erfahrt, 
ebenfalls  einer  exacten 
Untersuchung  zugangig 
machen  konnen.  Ehe  wir 
jedoch  diese  zweite  und 
wichtigere  Aufgabe  meines 
Vortrages  in  AngrifF  neh- 
men,  bediirfen  zuvor  einige 
Punkte  der  Klarstellung. 
Fig.  1.  Acanthochiasma  Krohni ;  Kern  mit  gros-  Zunachst  muss  ich  Falle 
sem  Nucleolus  und  machtiger  Kernnndenschicht.  ,    .,  .        ,  , 

^  ausscheiden,  m   denen  der 

Begriff  Kernplasma-Relation  in  der   bisher  besprochenen   Fassung 

nicht  anwendbar  ist ;  das  sind  die  Falle,  in  denen  nucleare  Substanzen 

ausserhalb  des  Kerns  vorhanden  sind,  in  denen  somit  Grossenbestim- 

mungen   des   Kerns  fUr  die   Menge   des   tatsiichlich   vorhandenen 

Kernmaterials  keinen   ^lassstab  liefem.      In  beistehenden  Figuren 

habe    ich    Abbildungen    von 

Radiolarien   und   Monothala- 

mien   zusammengestellt.    Der 

Kern  der  in  Figur   1  darge- 

stellten  Acanthometride  ist  von  S 

einer  machtigen  Rindenschicht 

umgeben,  liber  deren  Zugeho-  Tl 

rigkeit  zum  Kem  kein  Zweifel 

bestehen  kann.     Bei  den  Mo-  c7v 

nothalamien    ist    das    Aequi- 

valent    dieser    Rindenschicht 

aufgelockert   zu   einem  Netz- 

werk,  welches  sich  mit  unre- 

gclmassigen  Auslaufern  in  das  Fig.  2.   Arcdla  wjlgaris,  s,  SchalenmQndiing ; 

Protoplasma     hineinerstreckt,  n,  Kem;  c/i,  Chromidialnetz. 

gar  keine  Beziehungen  mehr  zum  Kern  erkennen  lasst  und  auch  die 

langste  Zeit  als  ein  Teil  des  Protoplasma  angesehen  wurde  (Fig.  2). 

Dieses  "  Chromidialnetz,"  wie  ich  das  Netz  genannt  habe,  spielt 
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unzweifelhaft  bei  den  Funktionen  des  Kems  eine  grosse  RoUe;  aber 

es  lasst  sich  nicht  quantitativ  bestimmen,  sodass  uns  die  Kemplasma- 

Relation  hier  ganz  im  Stiche  lasst.     Aehnliches  gilt  auch  von  vielen 

Zellen   metazoer  Tiere;  ich  verweise  hier  ganz  besonders  auf  die 

riesigen  Zellen  der  Nematoden  (Fig.  3),  welche  sich  mit  minimalen 

Kemen  begniigen,  weil,  den  Unter- 

suchungen    Goldschmidt's   zufolge, 

ausser  den  Kemen  ein  machtig  en- 

twickelter    Chromidialapparat    den 

Zellkorper   nach  alien   Richtungen 

hin  durehsetzt.    Analoge  Falle  sind 

sicherlich  im  Tierreich  weit  verbrei- 

tet  und  werden  jetzt,  wo  die  Auf- 

merksamkeit   auf  sie  gerichtet   ist, 

noch  haufig  beschrieben  werden. 

Aber  auch  f  iir  die  Falle,  in  denen 
alle  Kemsubstapd  im  Kern  enthalten 
ist,  welche  in  Tier-  und  Pflanzenreich  , 
die  Kegel  bilden,  bedarf  der  BegriflE 

der  Kern  plasma-Relation  noch  einer  FiQ-  3.  Muskelzelle  von  Ascaris  mit 
praciseren  Fassung,  als  es  bisher  der  Chromidien  (nach  Goldschmidt). 
Fall  war.  Wir  werden  im  Folgenden  sehen,  dass  die  Kemplasma- 
Relation  in  den  verschiedenen  Phasen  des  Zellenlebens  eine  ver- 
schiedene  Grosse  hat,  dass  sie  zwischen  zwei  aufeinander  folgenden 
Zellteilungen  ganz  erheblichen,  zugleich  aber  voUkommen  gesetz- 
massigen  Abanderungen  unterworfen  ist.  Wir  sind  daher  gezwungen 
einen  bestimmten  Uberall  vergleichbaren  Zustand  unseren  Betrach- 
tungen  zugrundezulegen.  AJs  einen  solchen  Zustand  wahle  ich 
das  Verhalten  der  jugendUchen  Zelle,  welche  eben  aus  der  Teilung 
hervorgegangen  ist  und  nun  anfangt,  sich  von  Neuem  zu  emah- 
ren,  um  abermals  heranzuwachsen  und  sich  zu  teilen.  Ich  werde 
im  Folgenden  diesen  Zustand  der  Kemplasma-Relation,  mit  welchem 
die  Zelle  in  eine  neue  Phase  ihrer  Existenz  eintritt,  die  Kemplasmor 
Norm  nennen. 

Und  noch  einen  dritten  Punkt  muss  ich  hervorheben.  Wie  alles 
Lebende,  so  ist  auch  die  Zelle  ein  veranderliches  Gebilde,  welches 
teib  unter  dem  Einfluss  ausserer  Existenzbedingungen,  teils  aus 
inneren  Ursachen  Abanderungen  unterworfen  ist.  Das  gilt  selbstver- 
standlich  auch  fiir  die  Kemplasma-Relation. 

Was  die  ausseren  Bedingungen  anlangt,  so  lasst  sich  ihr  Einfluss 
am  schonsten  fiir  die  Temperatur  erweisen.  Ich  war  bei  meinen 
Untersuchungen  iiber  Protozoen  aufmerksam  geworden,  dass  in  der 
Kalte  gezogene  Infusorien  erheblich  grosser  sind,  als  Individuen  der- 
selben  Art,  welche  im  Zimmertemperatur  oder  gar  im  Thermostaten 
bei  25°-30®  C.  gehalten  wurden,  dass  femer  die  Keragrosse  bei 
ihnen  in  erheblicherem  Masse  zugenommen  hatte  als  die  Zellgrosse. 
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Es  war  somit  unter  dem  Einfluss  der  Kalte  eine  Verschiebung  der 
Kemplasma-Relation  zugunsten  des  Kems  eingetreten.  Ich  habe 
diesen  Einfluss  den  verschiedensten  Richtungen  bin  verfolgen  lassen. 
Ueber  einen  Teil  der  Ergebnisse  mochte  ich  in  kurzem  berichten. 
Mein  Assistant  Herr  Dr.  Popoff  untersuchte  ein  Infusor,  welches  zu 
derartigen  Beobachtungen  ganz  besonders  geeignet  ist,  weil  sich  bei 
ihm  Grossenl^timmungen  von  Kem  und  Protoplasma  mit  grosserer 
Genauigkeit  ausfuhren  lassen  als  bei  den  meisten  anderen  Infusiorien, 
die  Fronionia  leucas.  Die  Arbeit  hatte  den  Zweck,  die  Grossen- 
zunahme,  welche  Kem  und  Protoplasma  zwischen  zwei  aufeinander- 
folgenden  Teilungen  erfahren,  moglichst  genau  zu  bestimmen  und  in 
Curven  graphisch  darzustellen.  Das  ist  nun  in  der  Tabelle  I  gesche- 
hen  und  zwar  fUr  zwei  verschiedene  Temperaturen,  die  Temperatur 
von  14°  und  25°  Celsius;  die  Wannecurven  sind  durch  ausgezogene 
Linien,  die  Kaltecurven  durch  punktirte  Linien  gegeben. 

TABELLE   I 
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Die  Linien  a  und  a'  beziehen  sich  auf  die  Kemgrosse,  die  Linien 
h  und  6'  auf  die  Protoplasmagrossen.  Als  Einheitsmass  liegt  den  Cur- 
ven die  Grosse  des  soeben  aus  der  Theilung  hervorgegangen  Wanne- 
kerns  zugrunde.      Auf   dem   correspondierenden   Stadium  ist  der 
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Kaltekem  1,6  mal  so  gross  als  der  Warmekem,  der  Protoplasmakor- 
per  des  Warmetiers  64-67  mal  so  gross,  der  Protoplasmakorper  des 
Kaltetiers  81  mal  so  gross  (oder  54  mal  so  gross  ab  der  Kern  des 
Kaltetiers).  WoUte  man  diese  Grossenverhaltnisse  des  Protoplasma- 
korpers  in  die  Curven  eintragen,  so  wUrde  die  Tabelle  ein  riesiges 
Format  erhalten.  Um  dies  zu  verhindem,  sind  die  Protoplasmawerte 
durch  40  dividiert  (|^  =  1  .  6;  |J  =  2 .  2),  d.  h.  eine  Einheit  der 
Kerncurven  entspricht  40  Einheiten  der  Protoplasmacurven.  Wahr- 
end  die  Masse  von  Kern  und  Protoplasma  auf  den  Ordinaten  ein- 
getragen  sind,  geben  die  Abteilungen  der  Abseisse  die  Zeitintervalle 
wieder.  In  der  Warme  teilt  sich  Frontonia  alle  17  Stunden  einmal, 
in  der  Kaltecultur  bedarf  der  Teilungsprozess  ungefahr  das  Funffache 
an  Zeit  (80-90  Stunden).  Um  die  Warme-  und  Kaltecurven  vergleich- 
bar  zu  maehen,  entspricht  jeder  Teilstrich  der  Abseisse  fUr  die  Warme- 
cultur  1  Stunde,  fiir  die  Kaltecultur  circa  5  Stunden.  Die  Distanzen 
a-b  und  a'-6'  geben  uns  die  Kemplasma-Relation  an,  ihre  Grosse 
am  Anfang  der  Curve  die  Kemplasma-Norm. 

Man  sieht  auf  den  ersten  Blick,  dass  die  Kaltecurven  hoher  liegen 
als  die  entsprechenden  Warmecurven,  dass  also  der  Gesammtkorper 
des  Tieres  wie  auch  der  Kern  in  der  Kalte  absolut  grosser  ist  als  in 
der  Warme.  Zugleich  sieht  man  aber  auch,  dass  die  Kemcurve  von 
der  Protoplasmacurve  in  der  Kalte  durch  einen  geringeren  Abstand 
getrennt  ist  als  in  der  Warme,  d.  h.  die  Kemplasma-Norm  reprasentiert 
in  der  Kalte  einen  hoheren  Wert  {i\)  als  in  der  Warme  (bV)  ;  die  Kern- 
plasma-Relation  ist  in  der  Kalte  zugunsten  des  Kernes  verschoben. 

Wie  die  Kemplasma-Relation  von  der  Temperatur  beeinflusst 
wird,  zeigen  zwei  weitere  Untersuchungen,  welche  an  Seeigeleiern 
vorgenommen  wurden.  Die  Tabelle  II,  zu  welcher  eine  Dame,  Frl. 
Erdmann  auf  meine  Veranlassung  das  notige  Untersuchungsmaterial 
geliefert  hat,  gibt  eine  Darstellung  der  Grossen,  welche  die  Chromo- 
somen  auf  dem  Stadium  der  Aequatorialplatte  bei  einer  Temperatur 
von  10®,  16®,  und  20®  C.  erreichen.  Die  Messungen  wurden  ausge- 
fUhrt  fiir  die  2,  4,  8,  16,  32  Teilung,  fiir  Karyokinesen  einer  friihen 
und  einer  spaten  Blastula,  einer  friihen  und  spaten  Gastrula  und  des 
entwickelten  Pluteus.  Es  ist  selbstverstandlich,  dass  die  berechneten 
Werte  keine  exacten  Grossenbestimmungen  sind,  sondem  nur  rela- 
tive Giltigkeit  haben.  Sie  reichen  aber  aus,  um  zu  beweisen,  dass 
die  Chromosomen  der  Warmetiere  erheblich  kleiner  sind  als  die  der 
Kaltetiere  auf  entsprechenden  Stadien.  Bei  der  Zwei-  und  Vierteilung 
ist  der  Unterschied  ein  geringer,  er  steigert  sich  aber  im  Lauf  des 
Furchungsprozesses,  so  dass  schliesslich  die  "  Warmechromosomen  " 
2-3  mal  so  klein  sind  als  die  **Kaltechromosomen."  Da  nun  die  Zahl 
der  Chromosomen  constant  ist  und  auch  die  Grossen  der  Zellen  auf 
gleichen  Stadien  der  Warme-  und  Kaltecultur  ungefahr  dieselben  sind, 
so  ergibt  sich  aus  dieser  Untersuchung  abermals  eine  den  Tempera- 
turen  proportionale  Verschiebung  der  Kemplasma-Relation. 

Die  Figuren  4-6  endlich  sind  einer  schon  veroffentlichten  Arbeit 
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von 


Marcus  entnommen;  sie  stellen  Seeigellarven  dar,  welche  in 
Wanne  und  Kalte  geziichtet  und  auf  gleichen  Entwicklungsstadien 
abgetotet  worden  waren.  Gewahlt  wurde  der  Beginn  der  Mesenchym- 
bildung.  (Fig.  4  u.  5.)  Die  dritte  Zeichnung  (Fig.  6)  gibt  Teile  von 
Larven,  in  denen  die  Bildung  des  Hydrocoels  begonnen  hatte.  Auf  der 
linken  Seite  sind  die  Kalteiarven  abgebildet,  auf  der  rechten  Seite  die 
Wiirmelarven.    Ein  Biick  auf  die  Zeichnungen  genligt,  um  zu  zeigen. 


TABELLE 
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Tabelle  der  Chromo8opiengr6ssen  des  Seeigeleies  auf  verschiedenen  Stadien 
der  Entwicklung  und  bei  verschiedenen  Temperaturen  (nach  Rhoda  Erdmann). 
Columne  a  bedeutet  die  einzelnen  Stadien  (zwei,  vier,  etc.  Theilung);  Columne  b 
enth&lt  die  korrespondirenden  Chromosomengrdssen  in  Cubikmikra  ausgedrQckt; 
Columne  c  das  zwischen  zwei  successiven  Stadien  verflossene  Zeitintervd. 

dass  die  Kalteiarven  weniger,  dafiir  aber  grossere  Zellen  haben  als 
die  korrespondierenden  Wiirmelarven,  dass  besonders  aber  ihre 
Kerne  grosser  sind.  Marcus  hat  nun  aueh  durch  Messungen  anna- 
hernd  die  Grossen  der  Zellen  und  ihrer  Kerne  zu  bestimmen  versucht 
und  zwar  fUr  drei  Culturen,  Warme,  Zimmer  und  Kalte.  Es  stellte 
sich  heraus,  dass  die  Zellgrossen  sich  zu  einander  verhielten  wie 
1  :  li  :  2i,  die  Kerngrossen  dagegen  wie  1  :  2J  :  3J.  Diese  Zahlen 
liefern  uns  dasselbe  Ergebnis,  zu  dem  wir  schon  bei  Protozoen  gelangt 
sind :  dass  die  Zellen  in  der  Kalte  grosser  sind  als  in  der  Warme  und 
nicht  nur  absolut  sondern  auch  relativ  grossere  Kerne  besitzen. 
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Sicherlich  gibt  es  noch  andere  Hussere  Einfliisse,  welche  die  Kem- 
plasma-Relation  modifizieren,  nur  dass  sie  bis  jetzt  noch  keine 
methodische  Untersuchung  erfahren  haben.  Hier  eroflFnet  sich  uns 
noch  ein  Feld  reicher  Tatigkeit,  welches  sicherlich  nicht  nur  grosses 
theoretisches  Interesse  sondem  voraussichtlich  auch  einmal  grosse 
prakdsche  Bedeutung  gewinnen  wird.  Wir  wissen,  welchen  grossen 
Einfluss  auf  den  Ablauf  der  Lebensvorgange  mechanische,  elektrische 
und  chemische  Einwirkungen  ausUben.    Es  la^t  sich  mit  Sicherheit 


Fig.  4.  Fig.  5. 

Blastulae  von  StrongylocentrotU8  lividiui  im  Beginn  der 
Mesenchymbildung,  4,  K&lteform,  5,  Wftnoefonn 
(nach  Marcus). 


Fig.  6.  Entodermzellen 
zur  Zeit  der  Bildung 
des  Hydrocoels,  a,  Kftl- 
teform,  b,  Wftrmeform 
(nach  Marcus). 


voraussetzen,  dass  auch  die  Structur  der  Zelle  von  diesen  Factoren 
beeinflusst  werden  wird.  WahrscheinUch  wird  die  Kemplasma- 
Relation  uns  fUr  die  Grosse  der  Veranderungen  einen  Massstab  an 
die  Hand  geben. 

Neben  den  ausseren  Einfliissen  hatte  ich  oben  unter  den  die 
Kemplasma-Relation  verandemden  Factoren  auch  innere  Ursachen 
genannt.  Ich  will  sie  die  autogenen  oder  functionellen  nennen,  weil 
sie  aus  der  Vergangenheit  der  Zelle  hervorwachsen  und  in  Functions- 
zustanden  der  Zelle  ihre  Ursache  haben.  Am  leichtesten  gelingt  es, 
die  einschlagigen  Verhaltnisse  fUr  Infusorien  zu  erlautem.  Cultiviert 
man  Individuen  derselben  Art  langere  Zeit  unter  gleichen  Existenzbe- 
dingungen,  so  findet  man  einerseits  Grossenunterschiede,  welche  da- 
durch  bedingt  sind,  dass  die  einen  Tiere  erst  kiirzlich  aus  einer 
Teilung  hervorgegangen  sind,  andere  wieder  kurz  vor  der  Teilung 
stehen,  Grossenunterschiede,  welche  somit  auf  das  verschiedene  Alter 
der  einzelnen  Individuen  zuriickzufuhren  sind.  Ausserdem  findet 
man  aber  auch  Grossenunterschiede  zwischen  Tieren,  welche  sich  auf 
korrespondierenden  Entwicklungsstadien  befinden.  Am  leichtesten 
iiberzeugt  man  sich  von  der  Existenz  dieser  zweiten  Kategorie  von 
Grossenunterschieden  durch  Untersuchung  von  Tieren,  die  gerade  im 
Begriff  sind,  sich  zu  teilen.  Man  findet,  dass  die  Teilungsgrossen  bei 
Individuen  derselben  Art  und  derselben  Cultur  ganz  erheblich  dif- 
ferieren.  Die  Grossenunterschiede  sind  nicht  geringer  ab  die,  welche 
man  durch  Cultur  bei  verschiedenen  Temperaturen  erhalt.  Sie 
konnen  wie  diese  nur  durch  verschiedene  Grosse  der  Kemplasma- 
Relation  erklart  werden,  dass  in  einer  Infusoriencultur  einige  Tiere 
grossere  Kerne  besitzen  imd  daher  eine  bedeutendere  Teilungsgrosse 
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erreichen  ab  andere.  Wie  diese  Variabilitat  der  Teilungsgrossen  mog- 
lich  ist,  setzt  eine  genaue  Kenntnis  der  Verandeningen  voraus,  welche 
die  Kemplasma-Relation  im  Lauf  des  Wachstums  und  bei  der  Tei- 
lung  der  Zelle  erfahrt.  Damit  werden  wir  zu  dem  zweiten  Teil  die- 
ser  Auseinandersetzung  ubergeleitet,  welcher  die  Bedeutung  der  Lehre 
von  der  Kemplasma-Relation  fUr  die  Erscheinungen  des  Wachstums 
imd  der  Teilung  zu  behandeln  hat. 

Das  Wachstum  der  Zelle  beruht  darauf ,  dass  die  Zelle  assimiliert 
Assimilation  von  Nahnmg  und  Verwendung  derselben  zum  Aufbau 
lebenden  Materiab  erfolgt,  wie  wir  gesehen  haben,  nur  unter  dem 
Einfluss  des  Kerns.  Unsere  Frage  lautet  somit:  In  welcher  Weise 
ist  der  Kern  an  diesen  hochvrichtigeii  Vorgdngen  beteiligt  und  welche 
Veranderungen  erfahrt  seine  Beschaffenheit  im  Laufe  seiner  bei  der 
Assimilation  der  Zelle  ausgeiibten  Tdtigkeiit 

Es  ist  merkwurdig,  wie  wenig  diese  Frage,  deren  fundamentale 
Bedeutung  ohne  weiteres  einleuchtet,  die  Beaehtung  der  Biologen 
gefunden  hat.  Nur  selten  hat  man  versucht  sich  an  der  Hand  von 
Beobachtungen  Vorstellungen  zu  bilden,  in  welcher  Weise  der  Kern 
seinen  bestimmenden  Einfluss  ausiibt;  noch  weniger  hat  man  ver- 
sucht diese  Vorstellungen  experimenteller  Priifung  zu  unterwerfen, 
obwohl  die  Moglichkeit  hierzu  vollkommen  gegeben  ist. 

Ueber  die  Art,  in  welcher  der  Kern  Einfluss  auf  das  Protoplasma 
behufs  Zustandekommen  der  Funktion  ausiibt,  kann  man  sich  ver- 
schiedene  Vorstellungen  bilden.  Man  konnte  zunachst  an  dynamische 
Wirkungen  denken,  an  moleculare  Schwingungen,  welche  sich  von 
der  Kemsubstanz  auf  das  Protoplasma  fortsetzen  und  hier  chemische, 
die  Arbeitsleistung  vermittelnde  Umsetzungen  hervorrufen.  Ange- 
sichts  der  Tatsache,  dass  die  Kerne  namentlich  bei  Protozoen  im  Lauf 
der  Funktion  ganz  intensive  Structurveranderungen  erfahren,  sind 
derartige  dynamische  Einwirkungen  ausserst  unwahrscheinlich.  \^el 
wahrscheinlicher  ist  es,  dass  die  Wechselwirkung  von  Kern  und  Pro- 
toplasma durch  Stoffaustausch  vermittelt  wird.  Hier  liegt  es  nun  am 
nachsten,  anzunehmen,  dass  der  Kern  an  das  Protoplasma  kleinste 
Teilchen  abgibt,  welche  die  Funktionen  auslosen,  sei  es,  dass  sie  sich 
mit  Teilen  des  Protoplasma  zur  funktionierenden  Substanz  verbinden, 
sei  es,  dass  sie  durch  das  Protoplasma  activiert  werden  und  so  selbst 
die  functionierende  Substanz  darstellen.  In  letzterer  Richtung  bewegt 
sich  die  von  de  Vries  aufgestellte  Lehre  von  der  intracellularen  Pange- 
nesis, welche  in  weitesten  Kreisen  Beifall  gefunden  hat.  De  Vries 
stellt  sich  bekanntlich  jeden  Organismus  vor  als  eine  Summe  ver- 
schiedener  Eigenschaften,  welche  an  besondere  Eigenschaftstrager 
gebunden  sind,  welche  er  "Pangene"  nennt.  Der  Kern  ist  das  Organ 
der  Vererbung,  weil  er  die  Pangene  in  inactivem  Zustand,  d.  h.  als 
Anlagen  enthalt;  das  Protoplasma  dagegen  enthalt  die  activen  Pan- 
gene  und  zwar  je  nachdem  eine  Muskel-,  Driisen-  oder  Nervenzelle 
gegeben  ist,  Pangene  verschiedener  Art.    Der  Einfluss,  welchen  der 
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Kern  auf  das  Protoplasma  ausubt,  besteht  darin,  dass  er  die  jedesmal 
fUr  die  Funktion  notigen  Pangene  abgibt,  welche  in  das  Protoplasma 
gelangen,  in  dem  neugewonnenen  Mutterboden  emahrt  werden,  sich 
vermehren  und  in  den  activen  Zustand  Ubergehen.  Diese  Auflas- 
sungsweise  macht  die  von  de  Vries  freilieh  nicht  besonders  ausge- 
sprochene  Annahme  notig,  dass  der  Kern  vom  Protoplasma  aus 
emahrt  wird,  um  seinen,  sich  bei  der  Fmiktion  erschopfenden  Vorrat 
an  Pangenen  zu  ersetzen.  Mit  de  Vries  scheinen  mir  alle  neueren 
Forscher,  welche  Uber  das  Problem  nachgedacht  haben,  wenigstens 
insofem  ubereinzustimmen,  als  sie  annehmen,  dass  bei  der  Funktion 
Teile  vom  Kern  an  das  Protoplasma  abgegeben  werden. 

Waren  diese  Vorstellungen  richtig,  so  miisste  das  Bild  der  Zelle 
folgendermassen  ausfallen:  im  Zustand  funktioneller  Ruhe  grosse, 
von  Pangenen  uberfUUte,  daher  chromatinreiche  Kerne,  im  Zustand 
reger  Tatigkeit  dagegen  kleine,  chromatinarme  Kerne,  welche  ihren 
Pangenenvorrat  all  das  Protoplasma  abgegeben  haben.  Das  hochste 
Mass  von  Leistungsfahigkeit  miisste  Zellen  mit  grossen  chromatin- 
reichen  Kemen  zukonmien;  Zellen  mit  kleinen  Kemen  miissten  da- 
gegen funktionsunfahig  sein.  Das  ist  nun  genau  das  (regenteil  von 
dem,  was  tatsachlich  zutrifiFt.  Es  ist  eine  bekannte  Erfahrung,  dass 
die  Leistungsfahigkeit  der  Zelle  durch  Warme  gesteigert,  durch  Killte 
herabgesetzt  wird.  Wir  haben  aber  gesehen,  dass  gerade  Warme- 
zellen  relativ  kleine,  Kaltezellen  relativ  grosse  Kerne  besitzen.  Und 
noch  eine  zweite  Reihe  von  Erfahrungen  spricht  dagegen.  Calkins 
und  ich  und  unsere  beiderseitigen  Schiiler  haben  gezeigt,  dass  der 
Lebenslauf  der  Protozoen  eine  merkwiirdige  Periodicitat  erkennen 
lasst.  Actinosphaerien  und  alle  daraufhin  untersuchten  Infusorien 
(Paramaecien,  Dilepten,  Stylonychien,  Oxytrichen,  Frontonien) 
zeigen  Perioden,  in  denen  sie  stark  fressen  und  entsprechend  stark 
wachsen  und  sich  vermehren.  IVIit  diesen  Futter-  imd  Vermehrungs- 
perioden  altemieren  Zeiten,  in  welchen  Nahrungsaufnahme  und  Tei- 
lung  voUkommen  pausieren.  Diese  "  Depressionszustande,**  wie  sie 
Calkins  vortreflBich  genannt  hat,  konnen  verschiedene  Dauer  und 
verschiedene  Intensitat  haben.  Depressionen  leichteren  Grades  wer- 
den rasch  uberwunden,  schwerere  Depressionen  fUhren  zum  Unter- 
gang  einzelner  Individuen,  die  schwersten  zum  Untergang  ganzer 
Culturen.  Nach  Calkins  konnen  chemische  Einfliisse,  nach  meinen 
Erfahrungen  Temperaturveranderungen  den  Niedergang  der  Cultur 
hintanhalten.  Priifen  wir  nun  die  Kemveranderungen,  welche  diesen 
biologisehen  Veranderungen  entsprechen,  so  stellt  sich  heraus,  dass 
die  Heranbildung  einer  Depression  mit  einer  Zunahme  der  Kemsub- 
stanz,  mit  einer  Hyperchromasie  der  Zelle  einhergeht,  bei  einkemigen 
Tieren  mit  einem  Wachstum  des  Kerns,  bei  vielkemigen  Tieren  mit 
einer  Steigerung  der  Kemzahl.  Es  entwickelt  sich  ein  (resamtbild, 
welches  grosse  Aehnlichkeit  hat  mit  dem  durch  Kaltewirkung  hervor- 
gerufenen,  eine  Analogic,  welche  ich  fiir  Actinosphaerium  bis  ins 
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Einzelne  habe  durchfUhren  konnen  und  welche  Marcus  auch  fiir 
Seeigellarven  hat  bestatigen  konnen.  Diese  nicht  durch  aussere 
Einfliisse,  sondem  durch  Funktionszustande  des  Organismus  bedingte, 
autogene  Vergrosserung  des  Kerns  ist  es,  welche  die  oben  schon  be- 
sprochene,  in  ihren  Ursachen  aber  damab  nicht  naher  erlaiiterte 
Zimahme  der  Teilgrosse  erklart,  welche  so  oft  in  Inf usorienculturen 
zu  beobachten  ist. 

Ist  der  Kern  der  Infusorien  zur  Zeit  der  Depression  vergrossert, 
so  geht  das  Wiedererwachen  der  Funktion,  die  Reorganisation  der 
Zelle,  mit  einer  Reduktion  der  Kemmasse  einher;  es  treten  Bilder 
auf ,  welche  mit  den  Veriuiderungen  des  Hauptkems  gegen  Ende  der 
Conjugation  grosse  A^inlichkeit  haben  und  wie  diese  darin  ihre 
Erklarung  finden,  dass  behufs  Resorption  der  Kemsubstanz  eine 
Oberflachenvergrosserung  des  Kerns  angestrebt  wird.  Es  entstehen 
verastelte  oder  gelappte  Kemformen  oder  der  Kern  wird  in  zwei  oder 
mehr  kleinere  Stucke  zerlegt.  GreUngt  auf  diesem  Wege  die  Reduc- 
tion der  Kemmasse,  so  tritt  das  Infusor  in  eine  neue  Phase  der  Assi- 
milation und  Vermehrung  ein. 

Vergrosserte  Zellen  mit  maulbeerformigem  oder  gelapptem  Kern, 
Riesenzellen  mit  vielen  Kemen  oder,  richtiger  gesagt,  mit  einem  in 
viele  kleine  Stucke  zerlegten  "f ragmen tierten"  Kern  bilden  in  der 
Histologic  und  Entwicklungsgeschichte  eine  weit  verbreitete  Erschei- 
nung;  noch  haufiger  treten  sie  im  Verlauf  pathologischer  Vorgange 
auf.  Die  merkwurdigen  Kembilder  werden  allgemein,  aber  mit 
Unrecht,  ab  Beweise  amitotischer  Kemteilung  angesehen,  haben  aber 
im  ubrigen  eine  sehr  verschiedene  Beurteilung  erfahren.  Nach  einigen 
Autoren  sollen  diese  Amitosen  eine  zum  Untergang  der  Zelle  fUhrende 
Periode  einleiten,  nach  anderen  sollen  sie  einen  notwendigen  norma- 
len  Vermehrungszustand  der  Zelle  darstellen,  auf  welchen  dann 
wieder  mitotische  Teilungen  folgen.  Erklaren  wir  die  Verhaltnisse 
nach  Analogic  mit  den  Infusorien,  so  entsprechen  die  auffallenden 
Kemformen  einer  durch  starke  Funktion  hervorgerufenen  kritischen 
Periode  des  Zellenlebens,  in  welcher  allerdings  leicht  der  Tod  eintritt, 
von  der  aber  aus  eine  Reorganisation  der  Zelle  moglich  ist.  Letzteres 
gilt  wohl  in  der  Regel  von  den  sogenannten  Amitosen  der  Grcschlechts- 
zellen,  wie  sie  ganz  besonders  von  Amphibien  beschrieben  wurden. 
Bei  vielkernigen  Protozoen  habe  ich  noch  einen  anderen  Voi^ng  be- 
schrieben, welcher  den  Zweck  hat,  die  Hyperchromasie  des  Kemap- 
parates  zu  beseitigen  und  dadurch  der  Zelle  ihre  Funktionsfahigkeit 
wiederzugewinnen ;  er  besteht  darin,  dass  chromatische  Kemteile 
oder,  wie  ich  sie  genannt  habe,  "Chromidien"  aus  dem  Kera  ausge- 
stossen  und  im  Protoplasma  oft  unter  Pigmentbildung  zerstort  werden. 
Auch  das  sind  Vorgange,  welche  in  den  Zellen  der  Metazoen,  sei  es 
in  normalen,  sei  es  in  pathologischen  Greweben,  ihr  Gegenstuck  finden. 

Wenn  wir  nun  zum  Schluss  aus  dem,  was  wir  iiber  funktionelle 
Verandemngen  des  Keras  kennen  gelernt  haben,  noch  das  Facit 
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Ziehen,  so  konnen  wir  wohl  sagen:  Alle  bekannt  gewordenen  Er- 
scheinimgen  sprechen  gegen  die  Lehre,  dass  der  Kem  die  Funktion 
des  Pkisma  auslost,  indem  er  Fimktionstrager,  Pangene  an  dasselbe 
abgibt.  Wir  werden  vielmehr  durch  die  Erfahrung  zu  dem  entgegen- 
gesetzten  Anfassung  gefUhrt,  dass  der  Kem  dem  Protoplasma,  um 
es  in  aetiven  Zustand  zu  versetzen,  Substanzen  entzieht.  Ich  ver- 
ziehte  darauf ,  diesen  (Jedanken  zu  einer  Art  Theorie  der  Zellfunktion 
weiter  auszufUhren.  Ich  werde  mich  begnligen,  im  folgenden  von  der 
durch  die  Funktion  bedingten  Zunahme  an  Kemsubstanz  ab  dem 
"functionellen  Wachstum  des  Kerns'*  zu  reden. 

Es  wlirde  mir  nun  die  Aufgabe  zufallen,  im  Einzehien  auseinan- 
derzusetzen,  in  welcher  Weise  das  funktionelle  Wachstum  des  Kerns 
unter  normalen  Verhaltnissen  Einfluss  auf  die  Kemplasma-Relation 
gewinnt.  Ich  ziehe  es  jedoch  vor,  diese  Frage  einstweilen  zuriickzu- 
stellen  und  sie  im  Zusammenhang  mit  einer  zweiten  Frage  abzu- 
handebi,  der  Frage:  welche  Rolle  spielt  die  Kemplasma-Relation 
bei  der  Zellvermehrung? 

Die  verbreitetste  und  unzweifelhaft  auch  die  urspriinglichste 
Form  der  Zellvermehrung  ist  die  Zellteilung;  sie  wurde  friiher  allge- 
mein  als  ein  "Wachstum  der  Zelle  iiber  das  individuelle  Mass"  be- 
zeichnet.  Richtig  an  dieser  Definition,  wir  konnen  sogar  sagen  banal 
richtig  ist  der  Gedanke,  dass  jede  Teilung,  ja  jede  Zellvermehmng 
auf  einer  vorausgegangenen  Zunahme  an  lebender  Substanz,  auf 
Wachstum  bemht.  Anfechtbar  dagegen  ist  der  Zusatz  "iiber  das 
individuelle  Mass  hinaus";  er  ist  viel  getadelt,  oft  auch  verspottet 
worden.  Was  versteht  man  unter  "individuellem  Mass"?  Ist  das 
nicht  eine  dogmatische  Vorstellung,  welche  in  Nichts  zerrinnt,  wenn 
man  sie  genauer  zu  fassen  sucht  ?  Widerspricht  ihr  nicht  die  Erfahr- 
ung, dass  Zellen  zu  riesiger  Grosse  heranwachsen  und  unter  Um- 
standen  doch  noch  simultan  in  Himderte  und  Tausende  von  kleinen 
Zellen  zerfallen? 

Wir  sehen,  die  Bezeichnung  "iiber  das  individuelle  Mass"  ist  ein 
Ausdmck  fiir  eine  Unbekannte,  fiir  ein  X,  welches  das  Verhaltnis  von 
Wachstum  und  Vermehrung  reguliert;  es  ist  ein  schlechter  Ausdmck, 
weil  er  den  Anschein  einer  Erklarung  erweckt,  ohne  sie  zu  geben,  ein 
falscher  Ausdmck,  weil  er  fiir  viele  Falle  der  Zellvermehmng  gar 
nicht  passt. 

Um  mir  mm  von  dem  die  Zellteilung  auslosenden  unbekannten 
Factor  eine  Vorstellung  zu  bilden,  bin  ich  von  folgenden  Erwagungen 
ausgegangen.  Die  Teilung  ist  der  Zustand  energischster  Tatigkeit 
der  Zelle,  bei  welcher  ICrafte,  welche  wahrend  des  Wachstums  mhten, 
plotzlich  in  Tatigkeit  treten.  Am  Schluss  der  Teilung  ist  wieder  ein 
Gleichgewichtszustand  dieser  Krafte  erzielt,  welcher  wahrend  des  nun 
folgenden  Wachstums  aufs  Neue  allmahlich  eine  Verandemng  erfahrt, 
bis  der  zu  einer  neuen  Teilung  notige  Grad  der  Spannung  erzielt  ist. 

Wenn  eine  Zelle  wachst,  so  wiichst  auch  der  zugehorige  Kem. 
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Die  herrschende  Auffassung  —  sofern  man  Uberhaupt  von  einer 
solchen  reden  kann  bei  einem  Problem,  welches  bisher  uberhaupt 
noch  nieht  als  solches  erkannt  worden  ist  —  geht  nun  wohl  dahin, 
dass  der  Kem  von  einer  Teilung  zur  anderen  in  gleichem  Masse 
wachst  wie  das  umgebende  Protoplasma.  Ware  dies  in  der  Tat  der 
Fall,  so  wiirde  das  System  der  in  der  Zelle  enthaltenen  Krafte  wahrend 
des  gesamten  Wachstums  in  derselben  Gleichgewichtslage  verharren, 
wie  sie  durch  die  vorausgegangene  Teilung  geschaffen  worden  ist; 
es  wUrde  kein  Grund  zu  besonderen  Kraftentfaltungen,  wie  sie  in 
der  Teilung  gegeben  sind,  vorliegen.  Wir  sind  daher  genotigt  an- 
zunehmen,  dass  beim  Wachstum  der  Zelle  im  Wechselverhaltnis  der 
Zellteile  Veranderungen  eintreten,  welche  allmiihlig  eine  Steigerung 
erfahren,  bis  sie  den  zur  Teilung  notigen  Grad  erreicht  haben.  Diese 
Veranderungen  in  der  Constitution  der  Zelle  miissen  durch  die  assi- 
milatorischen  Vorgange  bedingt  sein,  welche  das  Wachstum  der  Zelle 
verursachen ;  sie  sind  nach  meiner  Auflfassung  darin  gegeben,  dass 
das  Wachstum  des  Protoplasmakorpers  und  das  Wachstum  des  Kerns 
wahrend  der  Assimilation  einander  nicht  proportional  verlaufen. 

Das  Protoplasma  ist  in  letzter  Instanz  der  Trager  der  Lebens- 
funktionen.  Wie  Max  Schulze  es  zuerst  klar  auseinandergesetzt  hat, 
bildet  das  Protoplasma  die  Sekrete,  erzeugt  die  Grundsubstanzen  von 
Bindegewebe,  Knorpel  und  Knochen,  die  Muskelfibrillen  und  Nerven- 
fasem  oder  ist  selbst  Sitz  von  Sensibilitat  und  Kontraktilitat.  Wachs- 
tum des  Protoplasma  ist  somit  entweder  selbst  schon  Wachstum  der 
funktionierenden  Substanz  oder  Vorbedingung  zu  demselben.  Dem 
Kerne  dagegen  kommt  nur  die  Aufgabe  zu,  die  Lebenserscheinungen 
des  Protoplasma  auszulosen;  dabei  erfahrt  er  die  Vergrosserung, 
welche  ich  sein  "funktionelles  Wachstum"  genannt  habe.  Da  nun 
die  Erfahnmg  lehrt,  dass  relativ  kleine  Krafte  notig  sind,  um  grosse 
Arbeitsleistungen  auszulosen,  so  ist  es  wahrscheinlich,  dass  dem  an- 
sehnlichen  Wachstum  der  Zelle  ein  geringes  Wachstum  des  Kernes 
gegeniiberstehen  wird.  Wenn  diese  Erwagungen  richtig  sind,  muss 
sich  von  einer  Zellteilung  zur  andem  allmahlich  ein  Missverhaltnis 
zwischen  Masse  des  Kernes  und  Masse  des  Protoplasma  entwickeln ; 
es  muss  das  durch  die  Kemplasma-Norm  gegebene  Gleichgewicht 
gestort  werden,  die  Kemplasma-Relation  muss  eine  Verschiebung 
erfahren  zuungunsten  des  Kernes;  es  muss  sich  eine  Kemplasma- 
Spannung  entwickebi,  welche  allmahlich  zunimmt,  bis  schliesslich  ein 
Grad  erreicht  wird,  den  ich  friiher  Kemplasma-Spannung  im  engeren 
Sinne  genannt  habe.  In  dieser  Spannung  erblicke  ich  die  Ursache  der 
Teilung.  Ich  nehme  an,  dass,  wenn  ein  Hohepunkt  der  Kemplasma- 
Spannung  erreicht  wird,  der  Kem  die  Fahigkeit  gewinnt,  auf  Kosten 
des  Protoplasma  zu  wachsen,  und  dass  die  hierbei  sich  voUziehenden 
Stoffumlagerungen  zur  Teilung  der  Zelle  fiihren.  Zum  funktionellen 
Wachstum  gesellt  sich  das  Teilungswachstum  des  Kemes,  um  die 
Kemplasma-Norm  wiederherzustellen. 
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Dieser  Versuch  zu  einer  Theorie  der  Zellteilung  setzt  ganz  be- 
stimmte  Verandeningen  in  der  Kernplasma-Relation  voraus,  welche 
exacter  Untersuchung  zugangig  sind.  Es  gilt  nur,  geeignete  Objekte 
und  geeignete  Methoden  ausfindig  zu  machen,  welche  es  ermoglichen, 
das  Kemwachstum  und  das  Zellwachstum  von  einer  Teilung  zur 
anderen  graphiseh  darzustellen.  Dass  dieses  moglieh  ist,  zeigt  die 
von  Herm  Dr.  Popoflf  entworfene  Tabelle  I,  auf  welche  ich  schon 
einmal  eingegangen  bin,  um  den  Einfluss  der  Tempera tur  auf  die 
Grosse  der  Kernplasma-Relation  zu  erlautem.  Sie  zeigt  uns  die 
Grossenzunahmen  von  Kem  und  Protoplasma  des  Infusors  Frontonia 
Uveas  von  einer  Teilung  zur  anderen  in  Form  von  Kurven  aufge- 
zeichnet  und  zwar,  wie  oben  schon  hervorgehoben  wurde,  mit  ausge- 
zogenen  Linien  fiir  den  Verlauf  der  Teilung  bei  25°  C,  wahrend  die 
punktierten  Kurven-Linien  sich  auf  die  Temperatur  von  14®  beziehen. 
Es  wiirde  mich  zu  weit  fuhren,  wenn  ich  auseinandersetzen  wollte,  in 
welcher  Weise  die  einzelnen  Daten  zur  Konstruction  der  Kurve  von 
Herm  Dr.  PopofI  gewonnen  wurden  und  welche  Kautelen  alle  notig 
waren,  um  gesicherte  Resultate  zu  gewinnen.  Fiir  unsre  Betrach- 
tungen  sind  nur  die  Resultate  selbst  von  Bedeutung.  Es  wird  aber 
das  Zutrauen  zu  der  Zuverlassigkeit  der  Kurve  erhohen,  wenn  ich 
hier  mitteile,  dass  zwei  meiner  Schiller  ganz  unabhangig  von  einander, 
jedoch  nach  gleicher  Methode  die  zu  der  Kurve  notigen  Beobach- 
tungen  gesammelt  haben.  Vor  5  Jahren  begann  Herr  von  Wierz- 
bitzki  die  Untersuchung,  iiber  die  ich  schon  auf  der  Breslauer  Ver- 
sammlung  der  Deutschen  zoologischen  Gesellschaft  berichtet  habe. 
Da  derselbe  durch  politische  Verhaltnisse  verhindert  war,  die  Arbeit 
zu  Ende  zu  fiihren,  hat  Herr  Dr.  Popoff  in  einer  ausserst  sorgfaltigen 
Weise  die  Untersuchung  von  Neuem  begonnen.  Im  Prinzip  stimmten 
die  Untersuchungen  beider  Herren  iiberein,  nur  dass  Herr  Popoflf 
durch  sorgfaltigere  Kultur  eine  noch  grossere  Exactheit  erzielt  hat  als 
sein  Vorganger. 

Man  sieht,  dass  das  Protoplasma  sowohl  in  der  Kalte  wie  in  der 
Warme  von  einer  Teilung  zur  anderen  eine  allmahliche,  auf  die  Zeit 
ganz  gleichmsissig  verteilte  Zunahme  erfahrt.  Anders  der  Kern  I  Er 
erfahrt  unmittelbar  nach  der  Teilung  zunachst  eine  Abnahme  seiner 
Masse;  dieselbe  dauert  bei  Warmekulturen  2  Stunden,  bei  Kalte- 
kulturen  ca.  6  Stunden.  Dann  erst  beginnt  eine  emeute  Zunahme 
des  Kernes  (funktionelles  Wachstum).  Nach  4,  resp.  20  Stunden 
ist  die  Anfangsgrosse  wieder  erreicht.  Von  da  ab  wachst  der  Kem 
ganz  langsam  weiter  bis  zur  Zeit,  in  welcher  die  Teilung  beginnt. 
Hier  tritt  dann  eine  ganz  rapide  Zunahme  der  Kemmasse  ein  (Tei- 
lungswachstum).  Der  Kurvenverlauf  ist  in  Warme  und  Kalte  nahezu 
der  gleiche.  Dies  wird  am  klarsten,  wenn  man  die  Kaltekurve  nicht 
nur  ihrem  zeitlichen  Verlaufe  nach,  sondero  auch  riicksichtlich  der 
Grosse  des  Kemes  auf  die  WSrmekurve  reduziert.  Der  Kaltekem 
verhalt  sich  zum  W^mekem  wie  1  *  6  :  1  *  0.    Will  man  die  Kalte- 
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kurve  auf  die  Warmekurve  des  Kemes  reduzieren,  so  muss  man 
annehmen,  dass  fUnf  Teilstriche  der  Kurve,  welche  fUr  die  Warme 
1  •  0  betragen,  in  der  Kalte  gleich  1  *  6  sind.  Konstruiert  man  in 
dieser  Weise  Warme-  und  Kaltekurven,  so  kommen  sie  fast  vollkom- 
men  zur  Deckung. 

Verfolgen  wir  das  Verhalten  der  Kernpkisma-Relation,  so  kommen 
wir  zu  dem  Resultat,  dass  dieselbe  von  einer  Teilung  zur  anderen 
eine  bestandige  Verandening  erfahrt.  Fiir  den  Anfang  der  durch  die 
Kurven  veranschaulichten  Entwieklung  bestimmte  sie  Popofl  fiir 
Warmethiere  auf  1  :  64-67,  fiir  Kaltethiere  auf  1  :  54.  Das  ist  die 
Grosse,  welche  ich  oben  als  Kernplasma-Norm  bezeichnet  babe.  In 
der  Folge  waehst  die  Differenz  zwischen  Kem-  und  Protoplasmamasse 
bis  zur  15.  Stunde  in  der  Warme,  bis  zur  70.  Stunde  (annahemd)  in 
der  Kalte,  wo  sie  mit  1 :  98-100  fiir  Warme,  1 :  84  fur  Kalte  ihren 
Hohepunkt  erreicht.  Das  ist  der  Zustand,  den  ich  Kemplasma- 
Spannung  genannt  habe.  Nun  setzt  das  rasche  Wachstum  des  Kemes 
ein  und  fiihrt  zu  einer  Vergrosserung  der  Kernplasma-Relation,  bis 
zur  Zeit  der  Teilung  das  urspriingliche  Verhaltnis  der  Kemplasma- 
Norm  wiederhergestellt  ist. 

Die  Analyse  der  Kurven  und  der  ihnen  zugrunde  liegenden 
Zahlen  lasst  somit  erkennen,  dass  die  zu  ihrer  Konstruction  benutzten 
Beobachtungen  mit  den  von  mir  entwickelten  theoretischen  Auflfas- 
sungen  in  bester  Uebereinstimmung  stehen.  Unverstandlich  ist 
nur  die  nach  jeder  Teilung  eintretende  Kemverkleinerung.  Hier 
ergeben  sich  zwei  Moglichkeiten  der  Erklarung.  Die  erste  Moglich- 
keit  ware,  dass  die  Verkleinerung  nur  eine  scheinbare  ist,  veranlasst 
durch  eine  Kontraction  der  Kemmasse  unter  Abgabe  von  Fliissigkeit. 
Der  zweiten  Moglichkeit  ware  vom  theoretischen  Standpunkt  aus 
grossere  Bedeutung  beizumessen.  Wenn  der  Kem  bei  der  Funktion 
sich  etwas  vergrossert,  so  muss  dieses  funktionelle  Wachstum  durch 
Resorption  wieder  ausgeglichen  werden ;  es  gilt  durch  weitere  Un- 
tersuchungen  zu  entscheiden,  ob  nicht  das  auffallige  Absinken  der 
Kemcurve  nach  Ablauf  der  Teilung  einer  derartigen  Resorption 
zuzuschreiben  ist. 

Es  stehen  der  Forschung  nun  viele  Wege  oflfen,  um  die  Theorie, 
welche  ich  hier  entwickelt  und  durch  das  genaue  Studium  eines  be- 
stimmten  Falles  erprobt  habe  weiterhin  auf  ihre  Richtigkeit  zu 
priifen.  Der  leitende  Gesichtspunkt  der  Untersuchungen  miisste 
darin  gegeben  sein,  dass  man  experimentell  die  Kemplasma-Relation 
gegebener  Zellen  willklirlich  verandert  oder  in  der  Natur  vorkom- 
mende  Zellen  mit  besonders  abgeanderter  Kemplasma-Relation 
genauer  untersucht  und  nun  priift,  ob  die  sich  ergebenden  Resultate 
mit  der  Theorie  harmonieren.  Relative  Zunahme  der  Kemsubstanz, 
gleichgiltig,  ob  nun  dieselbe  durch  Vergrossemng  des  Kems  bei 
gleichbleibender  Protoplasmamenge  oder  Verringemng  des  Proto- 
plasma  bei  gleichbleibender  Kemgrosse  herbeigefiihrt  wird,  miisste 
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eine  Verlangsamung  der  Teilung  und  im  ersten  Fall  eine  Steigerung 
der  Teilgrosse  zur  Folge  haben ;  umgekehrt  miisste  relative  Abnahme 
der  Kernmasse  den  Eintritt  der  Kem teilung  beschleunigen,  die  Teil- 
grosse herabsetzen.  Wlirde  die  Kemteilung  die  ausschliessliche 
Konsequenz  einer  bestimmten  Kemplasma-Relation  sein,  ohne  dass 
anderweitige  Momente  mitwirken,  wie  sie  durch  eine  besondere  Be- 
schaffenheit  der  Zellbestandteile,  eine  Art  Reifezustand  derselben 
gegeben  sein  konnten,  so  miisste  es  moglicb  sein,  durch  experimen telle 
Starke  Verkleinerung  des  Kerns  Zellteilung  willkurlicb  zu  jeder  Zeit 
hervorzurufen.  Ich  glaube  dass  manclie  Infusorien  durch  ihre  Or- 
ganisation derartige  Experimente  ermoglichen.  Meines  Wissens  sind 
dieselben  aber  noch  nicht  ausgefuhrt  worden. 

Wohl  aber  gibt  es  andere  Erfahrungen,  welche  teils  auf  Experi- 
menten,  teib  auf  unmittelbarer  Beobachtung  beruhen,  welche  schon 
einen  Teil  des  oben  aufgestellten  Programmes  verwirklicht  haben. 
Dass  Zunahme  der  Kernmasse  Verlangsamung  der  Teilung  und  Stei- 
gerung der  Teilgrosse  bewirkt,  lehren  uns  die  Infusorien,  deren  Kerne 
die  schon  oben  besprochene  Vergrosserung  durch  funktionelle  Hyper- 
trophic oder  durch  Kaltewirkung  erfahren  haben ;  vor  allem  hat  es 
Gerasimoff  durch  seine  mteressanten  Spirogyra-Experimente  bewiesen. 
Dass  andererseits  starke  Reduction  der  Kernmasse  eine  hochgradige 
Teilfahigkeit  der  Zelle  zur  Folge  hat,  lasst  in  unzweifelhafter  Weise 
der  Furchungsprozess  jedes  tierischen  Eies  erkennen.  Wenn  hier  in 
rascher  Aufeinanderfolge  Teilung  an  Teilung  anschliesst,  so  erklart 
sich  dies  daraus,  dass  von  Anfang  an  eine  enorme  Kernplasma- 
Spannung  vorhanden  war,  welche  bei  jedem  Teilschritt  nur  zum 
kleinsten  Teil  ausgeglichen  wird,  so  dass  sofort  nach  Ablauf  einer 
Teilung  die  zu  einer  nachsten  Teilung  notigen  Bedingungen  gegeben 
sind,  bis  endlich  die  Kemplasma-Norm  und  damit  ein  Ruhezustand 
erreicht  ist. 

Mit  diesen  kurzen  Auseinandersetzungen  ist  die  Bedeutung,  welche 
der  Furchungsprozess  fiir  die  Ausbildung  einer  Theorie  der  Zell- 
teilung besitzt,  noch  nicht  erschopft;  es  gilt  noch  eine  ungemein  in- 
teressante  Besonderheit  des  Furchungsprozesses  zu  erklaren ;  das  ist 
seine  Periodicitat,  die  Erscheinung,  dass  die  Kernplasma-Spannung 
nicht  sofort  bei  der  ersten  Teilung,  was  ja  doch  auch  im  Bereich  der 
Moglichkeit  lage,  ausgeglichen  wird,  sondem  durch  eine  ganze  Reihe 
aufeinanderfolgender  Teilschritte. 

Boveri,  wekher  dieses  Problem  ebenfalb  klar  erkannt  hat,  hat 
dasselbe  zu  losen  versucht,  indem  er  das  den  Eintritt  der  Teilung 
bestimmende  Moment  in  die  Chromosomen  verlegte.  Ausgehend 
von  der  Individualitatslehre  der  Chromosomen  nimmt  er  an,  dass 
die  Teilung  eintritt,  wenn  die  Chromosomen  bis  zum  Doppelten  der 
Grosse,  welche  sie  am  Schluss  der  vorangegangenen  Teilung  besessen 
batten,  herangewachsen  und  damit  herangereift  sind.  Diese  Vorstel- 
lung  involviert  die  Annahme  einer  Normalgrosse  der  Chromosomen ; 
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es  wird  mit  ihr  riicksichtlich  der  Chromosomen  eine  ahnliche  Auf- 
fassung  vertreten,  wie  sie  fur  die  Zellen  als  Granzes  angenommen 
wurde,  als  man  die  Teilung  derselben  ab  ein  Wachstum  liber  das 
individuelle  Mass  hinaus  definierte.  leh  kann  diese  Auffassungs- 
weise  nicht  teiien;  ich  glaube  vielmehr,  dass  auch  fur  den  Verlauf 
des  Furchungsprozesses  Relationen  zwischen  Kemmasse  und  Pro- 
toplasma  bestimmend  sind,  ahnlich,  wie  ich  es  oben  flir  die  gewohn- 
Iiche  Zellteilung  durchgefUhrt  habe.  Wenn  die  Teilung  dadurch 
veranlasst  wird,  dass  bei  einem  bestimmten  Grad  der  Kernplasma- 
Spannung  ein  Wachstum  des  Kerns  auf  Kosten  des  Protoplasma 
eintritt  und  das  Protoplasma  durch  diese  Substanz-Abgabe  activiert 
wird,  d.  h.  befahigt  wird,  die  zur  Zellteilung  notige  Arbeit,  in  einem 
gesetzmassigen  Verhaltnis  stehen  zum  Mass  der  chemischen  Umset- 
zungen,  welche  bei  jeder  Teilung  eintreten.  Je  grosser  der  zu  teilende 
Zellkorper  ist,  um  so  ausgiebiger  miissen  die  chemischen  Umsetzungen 
sein.  Einen  Massstab  fUr  die  letzteren  wiirde  uns  unter  diesen  Ver- 
haltnissen  die  Teilungsgrosse  der  Chromosomen  liefem.  Die  Chro- 
mosomen konnen  nicht  ins  Unbegrenzte  wachsen ;  es  kann  daher  auch 
die  am  Anfang  des  Furchungsprozesses  vorhandene  Kemplasma- 
Spannung  nicht  sofort  beim  ersten  Teilungsschritt  vollkommen 
ausgeglichen  werden,  weil  schon  bei  einem  bestimmten,  in  der 
Chromosomengrosse  sich  ausdriickenden  Mass  chemischer  Arbeit 
die  Zellteilung  durchgefUhrt  wird. 

Welche  von  den  beiden  Erklarungen  grossere  Wahrscheinlichkeit 
besitzt,  die  von  Boveri  aufgestellte  Lehre  von  der  fixierten  Chro- 
mosomengrosse oder  die  von  mir  vertretene  Lehre  von  der  Chro- 
mosomenplasma-Relation,  lasst  sich  durch  Untersuchung  der 
Chromosomengrosse  auf  verschiedenen  Stadien  des  Furchungspro- 
zesses ermitteln.  Nach  Boveri  miisste  die  Chromosomengrosse  zu 
alien  Zeiten  im  Wesentlichen  die  gleiche  bleiben,  nach  meiner  Auffas- 
sung  miisste  sie  eine  allmahliche  Abminderung  erfahren  und  zwar 
proportional  der  Verkleinerung  des  zur  Teilung  gelangenden  Proto- 
plasmakorpers  und  der  bei  der  Teilung  sich  vollziehenden  Umset- 
zungen. Mit  anderen  Worten:  die  Chromosomen  miissen  kleiner 
werden  in  demselben  Mass  als  im  Lauf  des  Furchungsprozesses  die 
Blastomeren  kleiner  werden.  Fraulein  Erdmann  hat  sich  der  miihsa- 
men  Arbeit  der  Bestimmung  der  Chromosomengrossen  auf  den  ver- 
schiedenen Stadien  der  Eifurchung  unterzogen.  Die  Chromosomen 
wurden  bei  einer  bestimmten  Vergrosserung  gezeichnet,  ihre  Lange 
und  Breite  gemessen,  und  unter  Annahme,  dass  Breite  und  Dicke 
gleich  seien,  das  Produkt  von  Lange,  Breite,  und  Dicke  berechnet. 
Dieses  Produkt  gibt  zwar  nicht  die  Chromosomengrosse  wieder, 
sondem  nur  die  Grosse  eines  vierkantigen  Prismas,  dem  die  Chromo- 
somen eingeschrieben  sind;  allein  da  es  sich  ja  nur  um  relative 
Grossenverhaltnisse  handelt,  die  Kleinheit  der  Objekte  ohnehin 
exacte  Angaben   unmoglich  macht,  ist   die  Berechnungsweise  fiir 
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unsere  Zwecke  ausreichend.  Die  Grossenbestimmungen  wurden 
ferner  fUr  Culturen  bei  3  verschiedenen  Temperaturen  ausgefUhrt, 
10°  C,  16°  C.  (Zimmertemperatur)  und  20°  C.  Die  Resultate  der 
Untersuchiang  sind  in  Tabelle  II  eingetragen.  Die  Zahlen  unter 
Rubrik  b  bezeiehnen  die  Griissen  der  Chromosomen  in  Kubikmikren, 
die  Zahlen  unter  Rubrik  c  die  Zahl  der  Minuten,  welehe  zwischen 
zwei  aufeinander  folgenden  zu  Messungen  benuzten  Stadien  ver- 
flossen  sind,  die  Zahlen  in  der  ersten  Rubrik  a  gehen  die  einzelnen 
Teilschritte  an. 

Man  kann  nun  aus  der  vorliegenden  Tabelle  leicht  entnehmen, 
dass  die  Chromosomengrosse  wahrend  des  Furchungsprozesses  eino 
ganz  bedeutende  Abnahme  erfahrt.  Die  Chromosomen  auf  dem 
Pluteus-Stadium  haben  nur  etwa  ^*^  Volumen  von  den  Chromosomen 
der  ersten  Spindel.  Es  ergibt  sich  ferner  eine  unverkennbare  Korre- 
lation  von  Zellgrosse  und  Chromosomengrosse ;  je  kleiner  die  Zeilen 
werden,  um  so  kleiner  werden  auch  die  Chromosomen.  Fur  den 
Ablauf  des  Furchungsprozesses  ist  hierin  ein  sehr  wichtiges  Moment 
gegeben.  Ware  die  Chromosomengrosse  eine  fixierte,  so  wiirde  der  in 
der  Kemplasma-Norm  gegebene  Gleichgewichtszustand  der  Zellteile 
viel  friiher  erreicht  werden,  der  Furchungsprozess  viel  eher  zum 
StiUstand  gelangen,  ab  es  tatsachlieh  der  Fall  ist. 

Was  hiier  durch  direkte  Grossenbestimmung  der  Chromosomen 
erzielt  worden  ist,  hatte,  so  konnte  man  mir  einwerfen,  viel  leichter 
und  einfacher  durch  Grossenbestimmungen  der  ruhenden  Kerne 
erreicht  werden  konnen.  Fraulein  Erdmann  hat  selbstverstandlich 
auch  diese  Messungen  ausgefUhrt;  sie  sind  aber  fiir  unsere  Zwecke 
nicht  so  beweiskraftig,  weil  hier  ein  neuer,  unbekannter  Factor  sich 
in  die  Berechnung  einschleicht,  die  Imbibitionsfahigkeit  des  Kernes. 
Wir  wissen  nicht,  ob  die  Fahigkeit  Flilssigkeit  aufzunehmen  eine 
constante  ist  oder  ob  sie  nicht  abandert,  je  nachdem  jiingere  oder 
altere  Kerne  gegeben  sind  und  je  nachdem  diese  Kerne  in  einer 
grosseren  oder  kleineren  Zelle  eingelagert  sind.  Diese  im  iibrigen 
leicht  zu  priifenden  Verhaltnisse  miissten  zuvor  klargestellt  sein. 

Die  hier  zusammengestellten  Erhebungen  liber  die  Veranderung 
der  Chromosomengrosse  wahrend  des  Furchungsprozesses  gewinnen 
weiteres  Interesse,  wenn  wir  den  zeitlichen  Verlauf  der  Erschei- 
nungen  heranziehen. 

Es  ist  eine  allgemein  bekannte  Tatsache,  dass,  die  Zellteilungen 
je  mehr  der  Furchungsprozess  fortschreitet,  er  zugleich  auch  eine 
Verlangsamung  erfahren.  Jede  folgende  Teilung  beansprucht  langere 
Zeit  als  die  vorausgegangene.  Wie  die  Tabelle  III  lehrt,  dauert  es 
bei  Strongyloeentrotus  lividus  45  (41)  Minuten  von  der  ersten  zur 
zweiten  Teilung,- 40  (42)  Minuten  von  der  zwei  ten  zur  dritten,  53  (57) 
Minuten  von  der  dritten  zur  vierten,  89  (88)  Minuten  von  der  vierten 
zur  fiinften,  110  Minuten  von  der  fUnften  zur  sechsten,  u.  s.  w. 

£s  ist  nun  von  grossem  Interesse,  zu  sehen,  in  welcher  Weise  die 
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einzelnen  Phasen  des  Teilungsaktes  an  dieser  Verlangsamung  beteiligt 
sind.  Zu  dem  Zweck  woUen  wir  folgende  Teilzeiten  unterscheiden ; 
(1)  vom  Abschluss  der  vorangegangenen  Teilung  bis  zum  Hohepunkt 
der  Monaster  Strahlung;  (2)  vom  Monaster  bis  zum  Amphiaster; 
(3)  vom  Amphiaster  bis  zur  Ausbildung  der  Hantelfigur;   (4)  von 

TABELLE  III 


I.  Beobachtunq 

a. 

b. 

c. 

d. 

e. 

/. 

2 

25  Min. 

45  Min. 

20  Min. 

4 

10  Min. 

20  Min. 

10  Min. 

5  Min. 

45  Min. 

8 

5Min. 

15  Min. 

15  Min. 

5  Min. 

40  Min. 

16 

15  Min. 

15  Min. 

20  Min. 

3.4  Min. 

53  Min. 

32 

35  Min. 

20  Min. 

30  Min. 

4.3  Min. 

89  Min. 

64 

55  Min. 

22  Min. 

30  Min. 

3  Min. 

110  Min. 

11.  Beobachtunq 

2 

18  Min. 

42  Min. 

18  Min. 

4 

11  Min. 

16  Min. 

10  Min. 

4  Min. 

41  Min. 

8 

6  Min. 

17  Min. 

14  Min. 

5  Min. 

42  Min. 

16 

20  Min. 

15  Min. 

18  Min. 

4  Min. 

57  Min. 

32 

35  Min. 

24  Min. 

25  Min. 

4  Min. 

88  Min. 

64 

54  Min. 

Zwei  Beobachtun^reihen  Qberden  zeitlichen  Verlauf  der  einzelnen  Furchungs* 
phasen  des  Seeigeleies  (nach  Rhoda  Erdmann).  Kolumne  a:  die  Furchungs- 
stadien.  6:  Zeit  von  der  vorangegangenen  Teilung  bis  zum  H5hepunkt  des 
Monaster,  c:  Monaster  bis  Amphiaster.  d:  Amphiaster  bis  Hantelfigur.  e:  Han- 
telfigur bis  Ende  der  Teilung.    /:  Dauer  der  gesammten  Teilung. 

der  Hantelfigur  bis  zum  Abschluss  der  Teilung.  Diese  vier  Phasen 
haben  offenbar  an  der  durch  die  Zellteilung  geleisteten  Arbeit  ganz 
verschiedenen  Anteil.  In  die  erste  Phase  fallt  die  chemische  Arbeit, 
die  Ausbildung  des  fur  die  Chromosomen  notigen  Materials.  In  die 
zweite  und  dritte  Phase  fallt  die  Gruppierung  des  Materials  zu 
Chromosomen  und  deren  Teilung;  in  die  vierte  Phase  fallt  die  me- 
chanische  Arbeit  der  Protoplasma-Teilung.  Aus  diesen  Tabellen  er- 
gibt  sich  nun,  dass  die  letzte  Phase  sich  im  Grossen  und  Ganzen 
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gleich  bleibt,  dass  sie  keinenfalls  verlangert,  eher  mit  jeder  Teilung 
etwas  abgekurzt  wird.  Die  Zeitdauer  der  zweiten  und  dritten  Phase 
zusammengenommen  wird  im  Verlauf  des  Furchungsprozesses  grosser, 
jedoch  nicht  sehr  erheblich.  Die  Verlangsamung  des  Furchungs- 
prozesses ist  somit  zum  grossten  Teil  durch  die  erste  Phase  bedingt, 
durch  die  Zeit,  in  welcher  nach  meiner  Ansicht  der  Ausgleich  der 
Kemplasma-Spannung,  die  chemische  Arbeit  der  Zelle  fallt.  Hierin 
ist  eine  schone  Bestatigung  eines  schon  friiher  aufgestellten  Satzes 
gegeben,  dass  Erhohung  der  Kernplasma-Relation  eine  Verlang- 
samung der  Zellteilung  herbeifuhrt;  diese  Bestatigung  ist  um  so 
interessanter,  als  hier  durch  die  besondere  Natur  des  Objektes  ein 
Factor  ausgeschaltet  ist,  welcher  bei  gewohnlichen  Zellteilungen, 
z.  B.  den  Teilungen  der  Protozoen,  die  Klarheit  des  Resultates 
triibt.  Unter  gewohnlichen  Verhaltnissen  fuhrt  Zunahme  der 
Kernplasma-Relation  zu  einer  Zunahme  der  Teilungsgrosse  der 
Zelle  und  daher  zu  einer  Zunahme  der  zu  leistenden  Arbeit.  Beim 
Furchungsprozess  dagegen  nimmt  mit  jedem  neuen  Teilschritt  die 
Kernplasma-Relation  zu,  die  Zellgrosse  und  damit  die  zu  leistende 
Arbeit  ab.    Und  trotzdem  verlangsamt  sich  die  Teilung. 

Eine  merkwiirdige  Sonderstellung  nimmt  sowohl  hinsichtlich  der 
Chromosomengrosse  als  auch  des  zeitlichen  Verlaufs  des  Prozesses 
die  zweite  Teilung  ein.  Die  Chromosomengrosse  ist  ganz  unver- 
haltnismassig  gering,  die  Zeit,  in  welcher  ihr  Material  gebildet  wird, 
gleichwohl  auffallend  lang.  Vielleicht  ist  hier  eine  Nachwirkung 
des  so  ausserst  interessanten  Zustandes  der  reifen  unbefruchteten 
Eizelle  gegeben,  welcher  darin  zum  Ausdruck  konmit,  dass  eine 
ihrer  Constitution  nach  besonders  zu  Teilungen  praedisponierte  Zelle 
so  lange  in  Ruhe  verharrt.  Wir  sind  genotigt,  wie  dies  auch  schon 
von  anderer  Seite  hervorgehoben  wurde,  Hemmungen  von  ganz  be- 
sonderer,  uns  noch  unbekannter  Art  anzunehmen.  Wie  sch^vierig 
dieselben  iiberwunden  weyden,  geht  daraus  hervor,  dass  auch  bei  der 
ersten  Teilung  vom  Stadium,  in  dem  sich  Eikern  und  Samenkem 
vereinigen,  dem  Monasterstadium,  bis  zur  Spindel  ein  langer  Zeitraum 
vergeht. 

Ausgehend  von  der  Lehre  der  Kernplasma-Relation  habe  ich  hier 
versucht  eine  Theorie  der  Zellteilung  zu  entwerfen  und  zu  zeigen,  wie 
es  jetzt  schon  moglich  ist,  die  Berechtigung  derselben  durch  ganz 
exacte  Untersuchungen  und  Experimente  zu  prlifen. 

Ich  bin  iiberzeugt  und  hoffe  es  sogar,  dass  die  Lehre  lebhaften 
Widerspruch  finden  wird.  Nur  wurde  ich  wiinschen,  dass  nicht  iiber 
sie  ohne  Weiteres  der  Stab  gebrochen  wird,  wenn  hier  und  da  ein  Fall 
sich  ergeben  soUte,  welcher  sich  nicht  ohne  Weiteres  dem  Schema  ein- 
fiigen  lasst.  Schon  in  der  anorganischen  Natur  tritt  uns  die  Gesetz- 
massigkeit  dor  Vorgange  nicht  mit  mathematischer  Klarheit  entgegen, 
weil  die  Wirkungsweise  einer  Kraft  durch  entgegengesetzt  wirkende 
Krafte  mehr  oder  minder  verdeckt  werden  kann.    Um  wie  \ael  mehr 
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ist  dies  bei  dem  so  unendlich  viel  komplizierteren  Getriebe  der  orga- 
nischen  Natur  der  Fall.  Ich  mochte  an  dieser  Stelle  selbst  grosse 
Schwierigkeiten  hervorheben,  welche  meiner  Au£Fassung  entgegen- 
stehen,  zugleich  aber  auch  auf  den  Weg  hinweisen,  auf  welchem  sich 
dieselben  voraussiehtlich  werden  beseitigen  lassen.  Diese  Schwie- 
rigkeiten bestehen  darin,  dass  es  ausser  der  Zellteilung  und  Zellkno- 
spung  noch  andere  Wege  gibt,  in  welchen  die  lebende  Substanz  an 
Masse  zunehmen  und  sich  vermehren  kann.  Ich  denke  hier  an  das 
Riesenwachstum  der  Zellen,  wie  es  sich  im  Korper  vieler  Protozoen, 
beim  tierischen  Ei  und  anderen  ahnlichen  Fallen  offenbart.  Hier 
haben  wir  Zellen  vor  uns,  die  urspriinglich  klein  durch  Ernahrung 
heranwachsen,  ohne  dass  Teilungen  eintreten,  obwohl  durch  die 
auch  hier  zu  erwartende  Veranderung  der  Kemplasma-Relation  Ge- 
legenheit  dazu  geboten  ware.  Nun  kennen  wir  Riesenzellen  von 
zweierlei  Art,  Riesenzellen  mit  zahlreichen  Kemen,  sogenannte 
Syncytien,  und  Riesenzellen  mit  einem  einzigen  machtig  vergross- 
erten  Kem.  Die  ersteren  bereiten  der  Erklarung  keine  Schwierig- 
keiten. Hier  handelt  es  sich  um  Modifikationen  oder  Storungen  der 
gewohnlichen  Zellteilungen,  die  wir  in  der  Hand  haben  auch  kUnst- 
fich  hervorzurufen,  die  darauf  zuriickzufuhren  sind,  dass  der  durch 
die  Kemplasma-Spannung  ausgeiibte  Reiz  wohl  geniigt,  um  die 
Kemteilung  auszulosen,  nicht  aber  um  die  Teilung  des  Protoplasma 
zu  bewirken.  Der  Grund  hierfur  kann  ein  doppelter  sein,  einmal,  dass 
der  ausgeubte  Reiz  nicht  intensiv  genug  ist,  zweitens,  dass  das  Proto- 
plasma nicht  Energie  genug  hat,  auf  den  Reiz  zu  antworten.  Hiermit 
scheint  mir  aber  auch  der  Weg  gegeben,  um  das  Zustandekommen 
der  Riesenzellen  mit  einem  einzigen  Riesenkem  zu  erklaren,  ein 
Weg,  auf  den  abermals  experimentelle  Untersuchungen  hinweisen. 
Wenn  man  klinstliche  Parthenogenesis  der  Eier  durch  schwache  Reize 
hervorruft,  so  beobachtet  man  gar  nicht  selten,  dass  auch  die  Kem- 
teilungen  nicht  zum  normalen  Abschluss  kommen,  dass  die  Chro- 
mosomen  sich  zwar  vermehren,  dann  aber  wieder  unter  einander  sich 
zu  einem  Kem  zusammenfliessen.  Indem  dieser  Prozess  sich  immer 
wieder  von  neuem  wiederholt,  konnen  Riesenkeme  entstehen,  welche 
dem  Keimblaschen  des  Eies  an  Grosse  nicht  nachstehen.  Durch 
diese  Erfahrungen  werden  wir  darauf  hingewiesen,  auch  die  nor- 
malen Vorkommisse  riesiger  Zellen  mit  riesigem  Kem  und  ihre 
Entstehung  aus  kleinen  einkernigen  Zellen  darauf  zuriickzufuhren, 
dass  die  periodisch  eintretenden  Kemplasma-Spannungen  durch 
Vervielfaltigung  des  Chromatins,  aber  ohne  Kem-  und  Zellteilung 
ausgeglichen  werden. 

Es  fragt  sich  nun,  ob  man  an  Zellen,  welche  normalerweise  zu  ein- 
kernigen Riesenzellen  heranwachsen,  noch  Reste  einer  periodischen 
Ausgleichung  von  Kernplasma-Spannungen,  wie  ich  s^^  hier  gefor- 
dert  habe,  nachweisen  kann.  Obwohl  noch  keine  unter  dem  Ge- 
sichtspunkt  dieser   Fragestellung  untemommenen   Untersuchungen 
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vorliegen,  gibt  es  doch  Hinweise,  dass  in  der  Natur  etwas  Analoges 
vorkommt.  Auf  eine  gewisse  Periodicitat  in  den  Kemveranderungen 
des  Amphibieneies  haben  Camoy  und  Lebrun  hingewiesen.  Bei  der 
Ovogenese  von  Dytiscus  hat  Giardina  gefunden,  dass  auf  eine  Periode 
der  Teilimgen,  in  deren  Verlauf  sich  aus  einer  Eianlage  15  abor- 
tive Eier  oder  Dotterzellen  und  ein  bleibendes  Ei  entwickeln,  in  der 
ubliehen  Weise  die  Wachstumsperiode  der  Geschlechtszellen  folgt. 
Wahrend  derselben  werden  in  den  Kemen  der  Dotterzellen  mehr- 
mab  hintereinander  Teilungsversuche  eingeleitet  und  wieder  rtick- 
gangig  gemacht;  aus  dem  Chromatin  entwickeln  sich  Tetraden, 
welche  sich  wieder  rlickbilden,  indem  sich  ihre  Substanz  auf  das 
Reticulum  verteilt.  Andeutungen  dieser  merkwiirdigen  Vorgange 
werden  auch  fUr  das  Ei  beschrieben. 

Auf  den  Versuch  einer  Zweiteilung  ist  vielleicht  auch  die  so  viel 
in  der  Literatur  besprochene  Bildung  von  Doppelchromosomen,  das 
diplotaene  Stadium  der  Geschlechtszellen  zurlickzufuhren,  welches 
meistens  durch  Annahme  einer  Konjugation  von  Chromosomen  er- 
klart  wird.  Bekanntlich  leitet  dieses  Stadium  die  fUr  unsere  Betrach- 
tungen  so  wichtige  Wachstumsperiode  der  Ovocyte  und  Spermatocyte 
ein,  zu  deren  Beginn  sich  auch  die  Reduktion  der  Chromosomenzahl 
auf  die  Halfte  vollzieht.  Das  Stadium  hat  fiir  allgemeine  Fragen  der 
Zellenlehre  ein  ganz  besonderes  Interesse.  Zellen,  welche  bisher  eine 
unausgesetzte  Vermehrung  durch  Zweiteilung  erfahren  haben,  stellen 
plotzlich  diese  Vermehrung  ein  und  nehmen  daflir  an  Masse  zu. 
Diese  auffallende  Erscheinung  hat  man  bisher  versucht  als  eine 
zweckmassige  Einrichtung  verstandlich  zu  machen:  Das  Ei  muss 
wachsen,  um  das  zur  Ausbildung  eines  neuen  Organismus  notige 
Material  zu  sammeln.  Dem  muss  man  entgegenhalten,  dass  eine 
solche  Zweckmassigkeitserklarung  keine  causale  Erklarung  gibt,  da 
sie  uns  vollkommen  im  Dunkeln  lasst,  welche  cellularen  Vorgange 
die  zweckmassige  Einrichtung  hervorrufen.  Die  Erklarung  ist  aus- 
serdem  nicht  einmal  ganz  zutreffend;  denn  sie  passt  wohl  fiir  die 
Ovogenese,  nicht  aber  fiir  die  Spermatogenese.  Auch  die  Sper- 
matocyten  zeigen  die  Wachstumsperiode,  obwohl  doch  hier  die 
Entwicklung  das  genaue  Gegenteil  wie  beim  Ei  anstrebt,  moglichst 
kleine  und  bewegliche  Elemente.  Ich  habe  daher  den  Versuch  ge- 
macht, die  Wachstumsperiode  der  Geschlechtszellen  durch  einen 
Vergleich  mit  den  Depressionszustanden  der  Protozoen  verstandlich 
zu  machen.  Auf  Zeiten  lebhafter  Vermehrung  folgt  bei  Protozoen 
eine  Zeit,  in  welcher  Assimilation  und  Vermehrung  darniederliegen. 
So  wiirde  auch  die  Vermehrung  der  Geschlechtszellen  durch  eine 
Depressionsperiode  unterbrochen  werden,  wahrend  welcher  die  Ver- 
mehrung aufhort,  nur  mit  dem  Unterschied,  dass  bei  den  Eiern  die 
Fahigkeit  zu  assimilieren  erhalten  bleibt.  Von  einem  genaueren 
Studium  der  vorausgehenden,  in  alien  Arbeiten  so  stiefmiitterlich 
behandelten    Vermehrungsperiode    werden    voraussichtlich    weitere 
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Beweise  fur  die  hier  gegebene  AuflFassung  zu  erwarten  sein.  Durch 
exacte  Messungen  muss  sich  ja  feststellen  la'ssen,  ob  durch  allmah- 
liche  Zunahme  der  Kera plasma-Relation,  wie  bei  Protozoen  die 
Teilungsbehinderung  vorbereitet  wird.* 

Die  Erscheinung,  dass  ein  Kern,  welcher  langere  2feit  befahigt  war, 
sowohl  das  Wachstum  wie  die  Teilung  auszulosen,  im  weiteren  Verlauf 
die  zur  Teilung  notigen  Qualitaten  einbusst,  die  zum  Wactstum  noti- 
gen  dagegen  behalt,  dass  er  somit  nur  partiell  in  Depression  ver- 
fallen  ist,  macht  die  Annahme  notig,  dass  seine  Masse  im  Vergleich 
zu  friiher  nicht  nur  eine  Zunahme,  sondern  auch  eine  quaUtative 
Veranderung  erfahren  hat,  dass  zu  dem  anfanglieh  vorhandenen 
vollwertigen  Chromatin  ein  minderwertiges,  nur  das  Wachstum 
ermoglichendes  Chromatin,  ein  Trophochromatin,  hinzugetreten  ist. 
Ein  derartiger  Dualismus  der  Kemsubstanzen  lasst  sich  bei  alien 
einkernigen  Riesenzellen  feststellen  und  gibt  sich  zu  erkennen  in 
der  Art,  in  welcher  die  Riesenzelle  wieder  in  den  normalen  Zustand 
vieler  kleiner  Zellen  zurlickkehrt.  Bei  dem  Studium  dieser  Vorgange 
darf  man  sich  nicht  auf  einen  so  hoch  spezialisierten  Fall  wie  das 
tierische  Ei  es  ist,  beschranken,  sondem  muss  auch  die  zahlreichen 
Beispiele  ausnutzen,  welche  Protozoen  mit  Riesenkerabildurg  vor 
AUem  Radiolarien  und  Gregarinen  uns  liefern.  Die  Umwandlungs- 
weise  ist  hier  mannigfaltig  variiert,  zeigt  aber  einen  Grundzug:  dass 
ein  mehr  oder  minder  ansehnlicher  Teil  des  Kerns,  eben  das  Tro- 
phochromatin zu  Grunde  geht,  ein  anderer  Teil  zum  Aufbau  voU- 
wertiger  Tochterkerne  benutzt  wird.  Es  ist  nun  von  hohem  Interesse 
zu  verfolgen,  wie  sich  das  Massenverhaltnis  beider  Chroma  tine  zu 
einander  in  den  einzelnen  Fallen  gestaltet  Bei  den  Radiolarien  wird 
die  Hauptmasse  des  Materials  zum  Aufbau  der  Kerne  der  Zoosporen 
verwandt,  ein  kleiner  flest  geht  zu  Grunde.  Bei  den  Eiern  ist  das 
entgegengesetzte  Extrem  realisiert  besonders  bei  den  grossen  Eiern 
der  Amphibien.  Zwischen  beiden  Extremen  ergeben  die  Gregarinen, 
deren  Restkorper  auf  die  Bildung  von  Trophochromatin  zuriickzu- 
fiihren  ist,  alle  Uebergange. 

Indem  ich  versuchte,  die  Entstehung  und  Umbildung  der  Riesen- 
zellen mit  der  Lehre  von  der  Kemplasma-Relation  zu  vereinbaren,  bin 

*  Die  Idee,  dass  die  Wachstumspcriode  des  Eies  auf  abortive  Teilungen  zu- 
rOckzufuhren  sei,  wurde  in  mir  schon  vor  ftinf  Jahren  wach^erufen.alsich  auf  die 
Schwierizkeiten  aufmerksam  wurde,  welche  meiner  Theone  der  Zellteilung  aus 
dem  Vorkommen  von  Riesenzellen  mit  Riesenkemen  erwuchsen;  die  Idee  fand 
eine  StOtze  in  den  Untereuchungen  Camoy's  und  Giardina's.  Als  ich  dann  Ge- 
legenheit  hatte,  die  schdnen  Praparate  der  Herren  Dr.  Popofif  und  Dr.  Wasilieff 
iiber  das  diplotaene  Stadium  bei  den  Eiern  von  Paludina  und  den  Hodenzellen 
von  Periplaneta  kennen  zu  lemen,  wurde  ich  darauf  ^eftihrt,  dieses  ftusserst  in- 
teressante  Stadium  als  Zeichen  einer  ersten  Abortivteilung  aufzufassen.  Durch 
Herm  Kollegen  Haecker  wurde  ich  darauf  aufmerksam  gemacht,  dass  schon  vor 
mir  Woltereck  beim  Studium  der  Ovogenese  von  Cypris  den  Gedanken  gefasst  hat, 
dass  die  Doppelchromosomen  im  diplotaenen  Stadium  auf  einen  nicht  zu  Ende 

fefOhrten  Teilungsprozess  zu  beziehen  seien;    er  hat  es  aber  unterlassen,  daraus 
Consequenzen  zur  Erkl&rung  des  Riesenwacbstums  der  Zellen  zu  ziehen. 
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ich  aus  den  Grenzen,  welche  ich  diesen  AudfUhrungen  gezogen  habe, 
schon  herausgetreten.  Ich  hatte  in  Absicht,  auseinanderzusetzeoy 
wie  die  rein  quantitative  Betrachtung  der  Bestandteile  der  Zelle, 
welche  exacter  Untersuchung  durch  Mass  und  Experiment  leicht  zu- 
ganglich  sind,  uns  jetzt  schon  Einblicke  in  den  Verlauf  des  Zellen- 
lebens  gewahrt  und  fUr  die  Zukunft  bei  methodischer  Fortbildung 
reiche  Ausbeute  in  Aussicht  stellt.  Mit  unseren  Betrachtungen  Uber 
Riesenzellen  haben  wir  das  Gebiet  der  in  den  Kernsubstanzen  her- 
vortretenden  qualitativen  Verschiedenheiten  berllhrt  Es  wiirde  eine 
lohnende  Aufgabe  sein,  auch  dieses  Gebiet  zum  Gegenstand  einer 
zusammenhangenden  Darstellung  zu  machen.  1st  es  doch  in  der  Neu- 
zeit  ein  Lieblingsgebiet  cellularer  Forschung  geworden,  welches  nicht 
zum  wenigsten  auf  amerikanischem  Boden  eifrige  Pflege  gefunden 
hat  Ich  brauche  hier  nur  die  Arbeiten  Boveri's,  Montgomery's 
Sutton's,  Wilson's,  und  zahlreicher  anderer  hervorzuheben.  Die- 
selben  enthalten  Versuche,  eine  Art  qualitative  Analyse  der  Zelle  und 
ihrer  Bestandteile  zu  geben,  wenn  auch  nicht  ihrer  chemischen,  so 
doch  ihrer  morphologischen  Qualitaten.  Abnorme  Purchungs- 
prozesse  werden  zu  einer  biologischen  Analyse  der  Eigenschaften  der 
Chromosomen  benutzt;  die  Reifungsteilungen  werden  studiert,  um 
sie  mit  dem  Mendel'schen  Gesetz  in  Einklang  zu  bringen ;  schliess- 
lich  gedenke  ich  noch  der  Bestrebungen  die  Sexualitat  aus  der  An- 
weseoheit  specifischer  Chromosomen  zu  erklaren.  Auch  diese 
qualitativen  Untersuchungen  der  Zellbestandteile  laufen  darauf 
hinaus,  die  Zellenlehre  zu  einem  Object  exacter  Forschung  zu  machen, 
wenn  sie  auch  naturgemass  mit  grosseren  Schwierigkeiten  zu  kampfen 
haben  als  die  hier  besprochenen  Fragen.  Und  so  k5nnen  wir  denn 
mit  berechtigter  Zufriedenheit  auf  den  Entwicklimgsgang  blicken, 
den  in  der  Neuzeit  die  Zellenlehre  genonmien  hat.  Konnen  wir  doch 
von  ihr  sagen,  dass  sie  unser  Wissen  nicht  nur  mit  Kenntnissen, 
sondem  auch  mit  Erkenntnis  bereichert  hat. 
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ARE  HEREDITY  AND  VARIATION  FACTS? 
WILLIAM  KEITH  BROOKS 

It  is  my  purpose  to  call  to  your  attention  certain  results  of  speciali- 
zation that  may  be  new  to  you,  and  I  must  first  speak  of  matters  that 
are  more  familiar. 

We  are  a  band  of  specialists,  drawn  together  by  common  interest 
in  zoology;  but  the  field  is  too  wide  for  us,  and  we  must  specialize 
still  more  to  make  progress,  but  we  do  not  take  pride  in  this  necessity. 
Newton's  simile  of  the  child  gathering  little  pebbles  of  truth  on  the 
shore  of  the  great  ocean  of  natural  knowledge  strikes  a  responsive 
chord  in  every  one  of  us,  and  we  long  to  plunge  into  the  water  and  see 
what  is  there;  but  we  cannot  even  stroll  along  the  beach  as  Newton 
did.  We  must  gather  our  pebbles  in  some  little  eddy,  and  our  suc- 
cessors will  be  still  more  restricted ;  not  because  discovery  is  narrow- 
ing the  field,  but  because  the  field  is  growing  with  each  discovery. 

It  is  not  love  of  narrowness,  but  hard  necessity,  that  makes  the 
specialist.  We  long  to  know  all  that  is  recorded  in  books  about 
nature,  and  to  read  the  journals  of  progress  in  all  branches  of  science; 
but  they  are  closed  books  to  us.  We  do  not  know  the  language  they 
are  written  in,  for  much  of  the  literature  of  zoology  is  unintelligible 
to  us.  If  this  be  true  of  the  literature  of  science,  how  much  more 
difficult  must  it  be  for  one  to  study  any  aspect  of  nature  except  the 
one  he  has  made  his  own  ?  We  may  regard  the  breadth  of  our  own 
minds  with  satisfaction,  but  we  know,  from  observation  of  others, 
that  specialization  does  tend  to  narrowness.  We  may  resolve  to  keep 
our  minds  without  prejudice  and  our  senses  keen  and  alert  to  all  truth, 
and  we  may  think  we  have  succeeded,  but  we  are  aware  that  our 
colleagues  have  not  succeeded. 

The  specialist  devotes  himself  to  that  which  he  has  made  his  own 
to  the  neglect  of  that  which  does  not  interest  him,  or  does  not  seem  to 
concern  him,  or  eludes  his  notice.  Specialization  may  be  deliberate, 
or  it  may  be  involuntary,  or  even  unconscious.  Most  of  us  have,  no 
doubt,  been  drawn  to  our  specialty  by  the  natural  bent  of  our  minds 
rather  than  by  deliberate  choice.  The  zoologist  who  best  deserves  the 
name  is  one  whose  natural  bent  has  been  too  strong  for  him,  so  that 
he  has  studied  zoology  because  he  could  not  help  it.  If  this  be  true, 
may  we  not  be  specialists  in  lines  that  we  do  not  suspect,  specialists 
without  knowing  it  ? 
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Scientific  men  and  professional  men  and  artists  and  craftsmen  are 
not  the  only  specialists,  for  we  have  all  men,  and  indeed  all  living 
beings  in  our  company.  It  is  not  the  limitation  of  our  faculties,  but  the 
wrong  use  of  them,  that  shows  that  all  living  beings  are  specialists, 
for  this  proof  is  afforded  by  their  ability  to  blunder. 

What  is  it  that  takes  place  when  a  snake  swallows  a  china  nest-egg 
and  dies  of  indigestion  ?  Is  it  not  something  like  this  ?  Its  organic 
machinery  is  such  that  the  discovery  of  a  bird's  egg  in  a  nest  throws  it 
into  the  series  of  movements  that  lead  to  the  seizing  and  swallowing 
and  digestion  and  assimilation  of  the  egg;  and  this  series  of  activities, 
under  the  stimulus  of  an  egg  in  a  nest,  has  been  beneficial,  on  the 
whole,  to  its  ancestors.  I  do  not  know  whether  the  snake  is  consciously 
aware  of  the  egg  or  not;  but  if  it  is,  it  knows  very  little  about  eggs: 
only  some  of  their  most  obvious  properties,  —  that  they  are  found  in 
nests,  and  are  firm  and  warm  and  rounded.  It  is  a  specialist.  If  it 
perceives  at  all,  it  perceives  in  eggs  only  that  which  interests  it,  to  the 
neglect  of  all  that  does  not  concern  it;  so  it  may  blunder  and  get  into 
difficulties,  and  die  for  its  blunder.  If  a  race  of  snakes  lived  upon  eggs 
exclusively,  and  if  china  eggs  were  about  as  abundant  as  birds'  eggs, 
and  if  every  snake  that  blundered  died,  the  survivors  will  be  the  ones 
that  have  their  organic  machinery  best  coordinated  with  respect  to 
eggs,  or,  to  speak  metaphorically,  those  that  know  most  about  eggs; 
but  they  will  still  remain  specialists,  responding  to  nothing  in  eggs 
except  that  which  has  been,  on  the  average,  important  to  them. 

Whenever  the. organic  machinery  of  a  living  being  is  thrown  into 
activity  by  somethmg  that  affects  it  like  some  important  element  in  its 
natural  environment,  while  different  in  other  respects,  it  blunders. 
The  blunder  is  the  neglect  of  something  that  does  not  seem  to  concern 
it.  It  is  because  it  is  a  specialist  that  it  may  blunder.  It  makes  no 
difference  whether  the  neglect  is  voluntary  or  involuntary,  conscious 
or  unconscious.  The  result  is  the  same.  It  is  important  to  note  that 
a  blunder  is  not  an  error.  It  is  truth,  but  not  the  whole  truth,  and  the 
error  is  in  mistaking  part  for  the  whole. 

It  is  possible  to  prove  in  detail  that  any  living  being  may  blun- 
der, Take  as  an  illustration  the  germination  of  a  seed.  In  the 
natural  course  of  events  moisture  and  soluble  food  are  to  be  found 
imder  ground,  sunlight  and  fresh  air  above  ground.  Under  the 
stimulus  of  gravity  upon  its  organic  machinery,  the  plumule  grows 
away  from  and  the  radicle  towards  the  center  of  the  earth.  When  a 
seed  germinates  on  a  horizontal  wheel  that  turns  with  a  velocity  that 
counterbalances  its  weight,  its  radicle  grows  awav  from  and  its 
plumule  towards  the  axis  of  rotation,  although  thb  fails  to  bring  them 
where  they  should  be  for  the  good  of  the  plant. 

Is  it  not  through  the  ultimate  extermination  of  the  descendants  of 
blimderers  that  the  organic  machmery  of  living  beings  is  gradually 
improved  through  the  survival  of  the  fittest  ? 
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We  are  told  that  human  beings  hare  a  shorter  way,  growing  wiser 
by  experience.  This  is  held  to  be  a  condition  precedent  to  selection, 
supplying  its  raw  material.  We  hear  less  than  we  once  did  about  the 
inheritance  of  acquired  characters,  and  the  modem  zoologist  will  not 
lightly  believe  that  a  man,  or  any  other  living  being,  can  do  or  think 
anything  that  is  not  the  outcome  of  the  activity  of  its  organic  machinery. 
Improvement  through  experience  is  not  equally  distributed  among 
men ;  some  discovering  through  a  single  experience  what  others  fail 
to  find  out  after  a  lifetime  of  experience,  for  no  one  can  profit  by 
experience  without  the  machinery  for  so  profiting. 

I  have  never  been  able  to  find  any  meaning  in  the  assertion  that 
experience  supplies  the  raw  material  for  selection ;  because  experience 
seems  to  me  to  be  selection.  It  seems  to  me  that  the  work  of  experi- 
ence is  to  "unravel  our  prejudices  and  mistakes,  untwisting  the  closest 
connections,  distinguishing  things  that  are  different,  instead  of  con- 
fused and  perplex^,  giving  us  distinct  views,  gradually  correcting  our 
judgment  and  reducing  it  to  a  philosophical  exactness."  Is  anything 
more  likely  than  confusion  and  perplexity  of  mind  to  lead  to  failure  in 
the  struggle  for  existence  ?  Will  not  the  population  of  the  future  be 
descended,  other  things  being  equal,  from  those  whose  mental  exactness 
and  distinctness  give  them  an  advantage  in  this  struggle  7  Is  not  this 
what  we  mean  by  the  educational  value  of  science  ?  Is  not  natural 
selection  the  gradual  improvement  of  the  bodily  machinery,  and  its 
practical  adjustment  to  the  environment,  through  the  unraveling  of 
blunders,  the  untwisting  of  the  closest  connections,  the  distinguishing 
of  things  that  are  different,  and  the  replacement  of  confused  and  per- 
plexed adjustments  by  those  that  are  relatively  distinct  and  exact? 
If  this  be  true,  is  conscious  experience  either  more  or  less  than  appre- 
hension of  the  unceasing  progress  of  the  selective  process?  Can  it 
be  conceived  or  imagined  as  precedent  to  selection  ?  Can  there  be 
any  way  for  us  to  avoid  being  specialists  ? 

Our  own  organic  machinery  and  that  of  the  higher  animals,  per- 
haps that  of  all  animab,  permits  versatility,  and  we  never  do,  and 
indeed  cannot  do,  all  that  is  permitted  by  our  machinery;  for  this  is  so 
constituted  that  acts  become  easier  by  repetition,  while  it  grows  more 
and  more  difficult  to  depart  from  the  beaten  paths  of  habit  and 
custom.  We  say  practice  makes  perfect,  but  it  only  helps  us  to  do  one 
thing  well  at  the  sacrifice  of  versatility,  or  ability  to  do  many  things. 
This  it  is  to  be  a  specialist.  I  need  not  dwell  upon  the  value  of  habit 
and  custom.  All  training  and  education  illustrate  it.  It  enables  the 
specialist  to  do  his  work  with  more  rapidity  and  exactness  and  efficiency 
than  an  untrained  man.  Our  mmds  are  like  our  bodies,  for  a  path  that 
our  thoughts  have  once  traversed  becomes  more  easy  and  automatic 
with  each  repetition,  while  it  grows  harder  for  us  to  consider  that 
which  lies  outside  the  borders  of  this  path.  Are  we  not  like  the  snake 
that  gets  into  difficulties  when  it  responds  to  a  narrow  and  imperfect 
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view  of  the  truth  about  eggs  as  if  it  were  all  the  truth  attainable? 
The  response  of  the  snake  has  practical  value,  but  if  it  were  a  man  and 
an  embryologist,  its  knowledge  of  eggs  would  not  help  it  to  find  out 
what  goes  on  in  generation  from  eggs. 

So  far  as  we  are  bom  specialists,  we  may  forget,  or  fail  to  perceive, 
or  even  deny,  what  is  plainly  before  our  eyes,  for  this  is  the  penalty 
we  pay  for  being  specialists.  We  may  thus  be  led  to  opinions  that 
seem  to  be  the  obvious  conclusions  of  sound  reasoning  when  they  are 
nothing  but  blunders. 

I  shall  now  try  to  point  out  some  of  the  bearings  of  this  analysis  of 
specialization  upon  some  of  the  current  views  of  zoologists,  introduc- 
ing the  subject  by  an  illustration  drawn  from  astronomy,  that  most 
exact  of  sciences. 

The  specialist  in  celestial  mechanics  treats  the  members  of  the 
solar  system  as  a  number  of  mathematical  points  without  extension ; 
and  he  is  warranted  in  so  doing  for  the  purpose  he  has  in  view,  if  he 
thus  reaches  practical  results  that  are  of  value,  either  immediately  or 
indirectly,  to  mankind.  We  know  that  the  masses  of  the  planets  are 
not  detachable  from  them,  nor  localized  at  their  centres  of  gravity. 
The  unextended  points  of  the  celestial  mechanic  are  mathematical 
symbols  that  do  not  correspond  to  anything  in  nature.  While  we  admit 
the  value  of  the  mechanic's  results,  and  hold  them  in  high  esteem, 
they  have  no  value  for  any  purpose  except  that  for  which  they  were 
devised.  As  a  basis  for  the  study  of  the  origin  and  history  of  the  solar 
system  they  have,  in  themselves,  so  little  value  that  it  is  not  worth 
considering.  The  failure  of  a  point  to  symbolize  all  we  know  about 
this  earth  of  ours  is  grotesque. 

Heredity  is  the  resemblance  that  a  living  being  exhibits  to  its 
parents  and  its  more  remote  ancestors,  and  to  others  of  its  kind,  while 
its  difference  from  its  kind  is  called  variation.  We  are  sometimes  told 
that  heredity  makes  beings  inherit,  while  variation  makes  them  vary ; 
but  this  metaphorical  language  is  disappearing  from  our  literature  so 
fast  that  it  does  not  call  for  comment  at  this  late  date,  for  we  no  longer 
think  that  geotropism  makes  roots  grow  downwards,  that  selection 
selects,  nor  that  anemotropism  makes  the  windmill  turn. 

I  ask  you  to  consider  heredity  inductively  as  the  resemblance  of  a 
living  being  to,  or  its  kinship  with,  its  kind,  and  variation  as  individu- 
ality or  difference  from  kind. 

On  the  average,  the  descendant  resembles  its  parents  and  more 
remote  ancestors  and  its  collateral  relatives  more  than  it  resembles 
anything  else  in  nature;  but  it  is  never  identical  with  them.  We  may 
consider  a  living  being  as  a  type  or  sample  of  its  kind  for  the  purposes 
of  the  specialist  in  systematic  zoology;  saying,  in  our  careless  way, 
that  organisms  exhibit  specific  identity  behind,  or  in  spite  of,  their 
variety,  when  we  mean  that  while  they  are  never  like  their  parents 
they  resemble  them. 
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We  never  say  one  horse  is  the  same  as  another,  for  we  know  they 
are  different  for  all  the  purposes  that  interest  us  in  horses.  One  sheep 
niay  be  the  same  as  another  to  one  who  does  not  know  sheep  as  we 
know  horses  or  men.  They  are  the  same  to  the  anatomist  and  the 
physiologist  and  the  histologist,  so  far  as  these  specialists  are  not  con- 
cerned with  their  diflFerences;  but  they  are  not  the  same  to  the  breeder 
nor  to  the  shepherd  nor  to  his  dog,  nor  to  each  other,  for  each  ewe 
knows  her  lamb. 

This  diversity  in  unity  is,  no  doubt,  common  to  all  natural  objects ; 
but  it  is  most  impressive  in  familiar  Hving  beings,  in  our  friends  and 
acquaintances,  our  dogs  and  horses,  and  in  the  plants  that  we  tend  with 
our  own  hands.  We  may  think  of  the  unknown  stranger  in  the  crowded 
street,  or  the  citizen  of  some  strange  country,  or  the  stalks  in  the  corn- 
field that  we  pass  in  the  railroad  train,  as  representatives  of  species 
and  nothing  more ;  but  all  the  living  beings  we  know  practically,  we 
know  as  individual  members  of  their  kind.  If  we  are  permitted  to 
reason  from  the  things  we  know  best  to  those  that  are  less  familiar,  we 
must  believe  that  every  organism  is  an  unique  member  of  its  kind ; 
more  like  its  kind  than  like  anything  else,  but  never  identical  with 
them.  We  say  like  generates  like,  but  it  never  does  generate  its  like 
in  any  literal  or  absolute  sense  of  the  word.  Reproduction  is  the 
generation  of  unique  beings  that  are,  on  the  average,  more  like  their 
kind  than  like  anything  else.  We  may,  for  our  own  purposes  and  in 
our  minds,  consider  their  individuality  and  their  kinship  apart,  but 
this  does  not  show  that  they  are  separable  in  fact.  Living  beings  do  not 
exhibit  unity  and  diversity,  but  unity  in  diversity.  These  are  one  in 
fact,  and  not  two. 

All  this  is  familiar,  but  I  ask  you  to  reflect  upon  it  and  decide  for 
yourselves  whether  it  does  not  mean  that  inheritance  or  resemblance 
to  ancestors,  and  variation  or  difference  from  ancestors,  are  imper- 
fect mental  concepts  and  not  facts;  whether  the  fact  is  not  the  in- 
dividuality in  kinship  of  each  living  thing.  Each  of  you  must  answer 
this  simple  question  for  himself.  I  cannot  regard  them  as  facts,  as 
they  seem  to  me  to  be  only  imperfect  ideas  of  facts,  mental  states 
that  have  arisen  through  partial  views  of  our  knowledge  of  generation 
to  the  neglect  of  that  which  has  not  seemed  to  interest  us.  Is  not  the 
delight  of  intimate  acquaintance  with  animals  due  to  the  inseparable- 
ness  of  their  kinship  from  their  individuality  ? 

When  we  separate  in  our  minds  what  is  not  separable  in  fact,  are 
we  not  in  danger  of  forgetting  that  we  are  specialists  and  mistaking 
our  own  notions  for  living  beings?  Can  this  lead  to  anything  but 
mental  confusion  ? 

I  hope  you  will  not  accuse  me  of  opposition- to  the  scientific  study 
of  inheritance  and  variation,  for  nothing  is  farther  from  my  thought. 
The  resemblances  and  differences  between  organisms  are  as  worthy  of 
study  as  arithmetic,  which  has  been  of  inestimable  value  to  mankind, 
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though  there  is  no  quantity  without  qualities.  My  view  of  the  matter 
is  not  antagonistic  to  scientific  discovery  by  observation  and  experi- 
ment, nor  opposed  to  the  attempt  to  bring  facts  together  by  theories; 
but  you  all  Imow  that  biology  has  not  been  without  worthless  hy- 
potheses. Is  it  not  obvious  that  a  hypothesis  is  worse  than  worthless 
unless  it  is  based  on  all  the  pertinent  facts  in  our  possession  ?  would 
a  hypothesis  as  to  the  nature  of  things  based  on  arithmetic  have  any 
value  ?  or  does  this  have  any  more  bearing  upon  the  value  of  arithmetic 
or  biometric  for  their  purposes  than  it  has  upon  the  value  of  celestial 
mechanics  for  its  purpose  ?  We  cannot  make  progress  in  knowledge 
without  specializing,  but  this  is  not  an  unmixed  advantage,  and  if  it 
blinds  our  eyes  to  the  real  world  that  lies  before  them  it  may  lead  to 
disaster  if  we  try  to  construct  theories  on  a  partial  and  imperfect  view 
of  well-known  facts.  Things  do  not  cease  to  be  because  we  fail  to 
consider  them,  and  when  we  fix  attention  on  some  partial  and  imper- 
fect view  of  nature,  to  the  neglect  of  that  which  does  not  interest  us, 
we  may  forget  the  reality  of  that  which  we  fail  to  consider,  and  we  may 
thus  be  led  to  theoretical  conclusions  that  seem  to  be  the  logical 
results  of  sound  reasoning  when  they  are  nothing  more  than  new 
illustrations  of  the  threadbare  fallacy  of  the  undistributed  middle, — 
the  fallacy  that  consists  of  our  taking  part  for  the  whole. 

Reproduction  is  the  transmission  of  living  matter,  and  it  is  part  of 
the  proper  work  of  the  zoologist  to  find  out,  by  observation  and  experi- 
ment, what  it  is  in  the  transmission  of  which  generation  consists ;  but 
it  by  no  means  follows  that  there  is  meaning  in  our  words  when  we  call 
that  which  is  thus  transmitted  in  generation  the  substance  of  heredity, 
or  the  bearer  of  the  qualities  of  the  species. 

If  you  agree  with  me  that  resemblance  to  ancestors  does  not  exist 
in  nature  separable  from  individuality  or  difference  from  ancestors, 
that  heredity  is  not  a  fact  but  an  imperfect  view  of  facts,  admitting  of 
improvement  by  comparison  with  nature,  and  in  no  other  way,  what 
becomes  of  the  notion  of  a  substance,  or  bearer,  of  heredity  ?  There  is 
no  doubt  a  material  equivalent  for  every  mental  process,  and  the 
physical  basis  of  heredity  may  be  in  the  brain  of  the  speculative  zoolo- 
gist, for  I  cannot  find  it  in  chromatin,  nor  in  germ-plasm,  nor  in  Uving 
beings.  I  am  in  thorough  sympathy  with  efforts  to  find  theoretical 
interpretations  of  facts.  All  I  plead  for  is  that  we  base  our  theories 
on  all  the  pertinent  facts  in  our  possession.  A  hypothesis  that  is  based 
upon  some  narrow  and  special  view  of  familiar  facts  is  not  even  a 
working  hypothesis.  If  it  does  work,  it  can  work  nothing  but  mis- 
chief. It  is  a  blunder.  Can  we  hope  that  the  hypothesis  of  a  sub- 
stance of  heredity  will  lead  us  to  new  facts,  when  it  fails  to  direct  our 
attention  to  familiar  facts  ? 

If  you  chose  to  declare  that  my  contention  that  inheritance  is 
not  a  fact  is  a  metaphysical  subtilty,  I  cannot  help  it.  Call  me  a 
metaphysician  if  you  will ;  but  may  it  not  be  the  speculative  zoologist 
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who  hunts  in  chromatin  or  in  germ-plasm  for  the  physical  basis  of 
the  imperfection  of  his  ideas  who  is  the  real  metaphysician,  and 
not  I,  who  plead  for  nothing  but  the  correction  of  our  scientific  con- 
cepts, and  their  reduction  to  exactness,  through  comparison  with 
nature  ? 

Science  is  making  marvelous  revelations  of  the  order  that  per- 
vades the  apparent  disorder  of  nature,  showing  us,  ty  the  statistical 
method,  the  most  admirable  and  wonderful  regularity  in  the  course  of 
events  that  had  seemed  to  be  chaotic;  but  this  statistical  method 
deals  with  averages,  while  the  natural  world  is  concrete.  No  living 
being  is  a  statistical  average,  and  it  is  the  peculiar  task  of  zoology  to 
recall  attention  to  the  diversity  of  the  statistical  data,  thus  making 
equally  marvelous  revelations  of  the  endless  variety  and  boundless 
wealth  of  nature,  for  science  deals  with  discovery  and  progress,  not 
with  finality.    The  test  of  truth  is  evidence  and  not  averages. 

The  biometrician  tells  us  of  a  standard  or  norm  from  which  living 
beings  recede  by  variation,  and  to  which  they  approximate  by  hered- 
ity; but  the  normal  or  average  living  being  does  not  exist  in  nature. 
The  student  of  statistics  talks  glibly  of  the  normal  man  as  if  he  were  a 
public  character,  the  familiar  acquaintance  of  men  of  intellect,  and  a 
well-known  face  to  even  the  common  herd.  The  thoughtful  zoologist 
declares  that  he  knows  no  such  person;  that  all  men  are  particular 
men,  concrete  and  unique ;  that  the  normal  man  is  a  fictitious  char- 
acter, in  which  all  that  is  distinctive  of  each  human  being  is  ignored. 
My  friend  is  not  a  statistical  average,  for  there  is  no  one  like  him. 
Tables  of  mortality  are  useful  and  well  worthy  of  construction  and 
analysis,  but  they  have  no  bearing  upon  the  date  of  your  death  nor  of 
mine. 

We  are  told  that  while  the  development  of  an  egg  into  an  individual 
may  be  due  to  the  interaction  between  it  and  its  internal  and  exter- 
nal environment,  the  species  is  in  the  egg  in  itself,  because  like 
could  not  produce  like  if  it  were  not. 

Like  never  does  produce  like,  but  only  somewhat  like.  If  what 
has  come  about  once  may  come  about  again  under  similar  conditions, 
it  is  among  the  possibilities  of  nature  that  a  new  animal  kingdom,  as 
rich  and  diversified  as  the  one  we  know,  might  arise,  in  course  of  ages, 
from  a  starting-point  in  a  germ-cell  of  some  modem  organism,  for 
we  know  nothing  that  forbids  in  the  architecture  of  germ-plasm. 

One  can  understand  how  the  notion  that  species  is  in  germ-cells 
has  come  to  prevail.  Nothing  in  nature  except  the  human  mind 
seems  easier  to  contemplate  as  an  independent,  self-sustaining,  self- 
sufficient  whole  than  is  an  egg.  The  symbolical  comparison  of  the 
universe  to  an  egg  appeals  to  all,  for  nothing  seems  easier  than  to 
think  of  an  egg  as  a  metaphysical  thing  in  itself,  a  self-centred  and 
self-sufficient  microcosm. 

For  many  of  the  purposes  of  the  embryologist  it  is  convenient 
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and  legitimate  to  consider  it  as  a  complete  and  self-sustaining  being; 
but  one  must  not  forget  what  these  practical  purposes  are,  for  the 
use  of  a  concept  for  a  practical  purpose  is  apt  to  end  in  belief  that  it  is 
true  in  general  and  useful  for  all  purposes,  and  thus  to  entangle  one 
in  unexpected  paradoxes,  such  as  the  interminable  controversy  about 
epigenesis  and  evolution. 

You  know  what  mischief  has  been  made  in  science  by  the  notion 
that  the  human  mind  is  a  self-sustaining  entity.  Why  then  should 
you  expect  anything  but  mischief  from  the  notion  that  the  develop- 
ment of  an  ^g  is  in  itself  ? 

Every  reflective  zoologist  knows  that  no  living  bemg  is  self-suffi- 
cient, and  that  it  would  be  what  it  is,  or  be  at  all,  were  it  not  part  of 
the  natural  world,  although  no  truth  seems  easier  to  lose  sight  of. 

Surely  this  is  good  sense  and  good  science.  No  physiologist  who 
studies  the  waste  and  repair  of  living  bodies,  no  naturalist  who  knows 
living  things  in  their  homes,  no  embryologist  who  studies  the  effect  of 
changed  conditions  on  development,  should,  for  an  instant,  suppose 
that  a  living  being  is  self-sustaining.  The  line  we  draw  for  our 
convenience  between  it  and  its  environment  is  not  one  we  find  in 
nature,  for  what  was  at  one  instant  external  is  part  of  it  at  another, 
and  what  was  part  of  it  at  one  instant  is  external  at  another. 

We  watch  through  a  microscope  the  development  of  a  multitude 
of  the  eggs  of  some  aquatic  animal.  They  appear  to  pass  simul- 
taneously through  the  same  series  of  changes  as  if  they  were  moved 
by  a  common  impulse.  It  seems  hard  to  resist  the  notion  that  the  mo- 
tive force  and  directive  impulse  are  in  the  e^,  that  their  deyelop- 
ment  is  inherent,  that  it  is  the  evolution  or  unfolding  of  that  which 
was  present  before  it  was  unfolded,  and  that  all  the  eggs  are  alike. 
Thus  we  reach  the  notion  that  we  should  understand  generation  if 
we  knew  all  about  an  egg,  as  it  is  in  itself:  but  I  cannot  understand 
anything  in  this  way,  and  I  suspect  that  all  men  are  like  me  in  this. 
If  the  progress  of  science  teaches  anything,  it  teaches,  with  ever- 
increasing  emphasis,  that  the  natural  world  is  so  organized  that  the 
only  way  for  us  to  understand  anything  is  through  the  study  of  its 
interrelations  with  other  things ;  for  nothing  in  nature  stands  alone, 
nor  can  it  be  understood,  nor  be  at  all,  except  in  its  interrelations. 
The  notion  that  eggs  are  things  in  themselves,  and  that  their  develop- 
ment is  inherent,  is  not  science.  When  these  words  are  carefully 
scrutinized  they  do  not  seem  to  me  to  have  any  intelligible  meaning 
except  a  verbal  one,  although  this  is  no  reason  why  the  specialist 
should  not  consider  eggs  as  in  themselves  for  some  practical  purpose^ 
even  if  the  words  are  as  symbolical  as  the  unextended  points  of  the 
celestial  mechanic. 

Have  we  any  more  reason  to  suppose  a  thousand  eggs  of  a  starfish 
or  any  two  of  them  are  alike  in  the  literal  sense  of  the  word,  than  to 
suppose  a  thousand  men  are  alike  when  we  perceive  no  difference 
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between  them  ?  It  is  almost  beyond  our  observing  powers  to  recog- 
nize the  individuality  of  eggs  directly,  yet  recent  researches  in  pedi- 
gree selection  are  bringing  it  to  our  notice.  I  am  not  able  to  imagine 
the  complexity  in  living  matter  which  permits  the  individuality  of 
each  germ-cell,  yet  each  organism  we  become  well  acquainted  with 
is  an  individual,  and  the  complexity  of  living  matter  is  great  enough 
to  have  furnished  its  own  sort  of  germ-cells  for  each  species  that  has 
existed  at  any  period  in  the  geological  history  of  life. 

The  gradual  disappearance  of  attempts  to  invent  evolutionary 
hypotheses  to  account  for  individual  development,  or  ontogeny,  and 
the  return  to  a  more  epigenetic  standpoint,  based  on  experimental 
evidence  that  the  ontogenetic  development  of  eggs  can  be  under- 
stood only  through  their  reciprocal  interactions  with  their  internal 
and  external  environment,  seem  to  me  to  be  a  notable  reformation. 
It  also  seems  to  me  that  this  reformation  is  only  begun  so  long  as  we 
attribute  the  species,  as  contrasted  with  the  individual,  to  the  inherent 
potency  of  the  germ. 

No  theory  of  generation  can  be  satisfactory  unless  it  includes 
ancestral  history  as  well  as  individual  history,  for  phylogeny  is  a  series 
of  ontogenies.  We  cannot  tolerate  a  dualistic  biology,  nor  believe 
the  species  is  in  the  egg,  if  its  ontogeny  is  epigenetic.  If  the  species 
16  innate  in  a  modem  egg,  it  must  have  been  innate  in  the  preceding 
egg,  and  so  on  back  to  the  beginning,  and  we  are  entangled  once 
more  in  the  chains  of  the  preformationist,  from  which  the  epigenetic 
view  of  ontogeny  professes  to  set  us  free. 

I  believe  we  have  a  simple  and  obvious  path  out  of  this  paradox 
in  the  fact  that  the  kinship  and  the  individuality  of  a  living  being 
are  inseparable;  that  heredity  and  variation  are  not  facts,  but  im- 
perfect views  of  the  facts. 

I  am  a  firm  believer  in  the  possibility  of  tracing  the  wider  kinships 
of  living  things  through  their  embryology.  I  am  as  thoroughly  con- 
vinced that  ontogeny  helps  us  to  study  ancestral  history  as  I  am 
convinced  that  paleontology  helps  us.  In  my  opinion,  there  is  a 
good  foundation  for  the  recapitulation  theory,  even  if  this  foundation 
be  too  weak  to  hold  up  all  the  phylogenetic  trees  that  have  been 
planted  on  it. 

I  fail  to  see  how  this  conviction  shows  that  species  are  inherent  in 
eggs,  nor  how  it  shows  that  knowledge  of  eggs,  were  it  complete 
enough,  would  make  clear  the  meaning  of  ontogeny. 

I  shall  illustrate  my  failure  to  see  this  by  an  example  drawn  from 
phylogeny. 

All  living  beings  are,  no  doubt,  descended  from  common  pre- 
cambrian  ancestors;  but  it  does  not  follow  that  they  were  innate  in 
these  ancestors,  nor  does  it  follow  that  complete  knowledge  of  these 
ancestors  would  have  enabled  one  to  predict  or  foresee  the  path  of 
history.    To  do  this  we  must  know,  with  equal  completeness,  the 
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environment  of  each  individual  living  thing  that  exists  or  has  existed, 
its  competitors  and  enemies,  its  food  and  the  environment  of  its  food, 
and  all  the  changes  that  have  taken  place  in  the  environment  of  every 
living  being  during  the  geological  history  of  life;  and  all  this  we  must 
know  as  completely  as  we  assume  that  we  know  the  ancestral  starting- 
point.  We  must  know  all  thb  about  the  failures,  and  about  the  forms 
of  life  that  might  have  been  but  were  not;  because  the  fitness  that 
survives  the  struggle  for  existence  is  not  abstract  fitness,  but  practical 
superiority  over  some  competitor  or  enemy  that  might  have  been  the 
survivor  under  other  circumstances.  If  any  one  thinks  that  all  this 
was  latent  in  the  pre-cambrian  ancestor,  and  that  it  might  have  been 
predicted  through  the  study  of  this  ancestor,  I  shall  not  argue  with 
him.  I  do  not  believe  omniscience  itself  could  have  foreseen  the 
course  of  organic  evolution  from  knowledge  of  the  ancestral  rhizopod, 
because  it  was  not  in  the  ancestral  rhizopod.  I  should  as  readily 
believe  that  the  changes  that  have  shaped  fancy  pigeons  according 
to  the  caprice  of  pigeon  fanciers  might  have  been  discovered  in  the 
germ-plasm  of  the  ancestral  rock  pigeon. 

Some  paleontologists  have  thought  that  the  history  of  the  earth 
might  be  reconstructed  through  the  study  of  fossils,  even  if  we  knew 
nothing  of  geography  and  geology  and  meteorology,  because  each 
species  is  so  exquisitely  fitted  for  its  place  in  nature;  but  this  is  no 
more  possible  than  the  reconstruction  of  phytogeny  through  the  study 
of  the  ancestral  rhizopod,  for  living  beings  are  not  the  best  for  their 
places  in  any  absolute  way.  They  are  only  better  than  others  under 
the  circumstances,  and  it  is  impossible  to  read  these  circumstances 
in  their  structure.    To  do  this  we  must  know  the  others  that  failed. 

If  I  venture  at  this  late  day  to  point  out  that  ancestral  develop- 
ment is  as  epigenetic  from  beginning  to  end  as  individual  develop- 
ment, and  that  the  species  for  which  we  are  seeking  is  not,  and  cannot 
be,  in  the  germ,  I  do  so  because  the  discovery  is  neither  new  nor 
original  with  me.  It  is  so  old  that  zoologists  who  are  supposed  to  be 
most  advanced  tell  us  it  is  antiquated,  abandoned,  no  longer  worthy 
the  attention  of  advanced  thinkers. 

This  view  is  that  the  species  is  not  in  chromatin,  nor  in  germ-cells, 
nor  in  differentiated  cells,  nor  in  gemmules,  nor  in  idioplasm,  nor  in 
biophores,  nor  in  allelomorphs,  nor  in  the  perigenesis  of  plastidules, 
nor  in  living  beings  at  any  stage  of  their  existence,  nor  in  the  conditions 
of  existence ;  beaiuse  it  is  in  the  reciprocal  interaction  between  each 
living  being  and  the  natural  world  of  which  it  is  a  part.  We  speak  of 
the  struggle  for  existence,  and  we  find  this  formula  useful;  but  we 
must  not  forget  that  it  is  nothing  but  a  formula,  with  no  meaning 
except  the  one  in  the  dictionary.  I  know  my  life  has  been  a  struggle, 
and  I  hope  my  posterity  will  find  that  it  has  been  a  successful  one; 
but  my  struggle  has  not  been  yours,  for  it  is,  above  all  things,  private 
and  particular.    Every  living  thing  must  fight  the  battle  of  life  on  its 
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own  account,  and  its  battle  does  not  admit  of  generalization,  because 
it  is  individual,  with  nothing  general  about  it. 

Would  not  attention  to  this  well-known  truth  have  saved  us  much 
aimless  criticism  of  natural  selection  ?  The  declaration  that  natural 
selection  cannot  do  this  or  cannot  do  that  is  meaningless  if  selection 
does  not  select,  and  if  fitness  is  not  in  the  organism  that  survives  but  in 
its  interaction  with  its  environment. 

Neither  the  stability  of  species  nor  the  mutability  of  species  is  in 
living  beings,  because  it  is  through  extermination  that  the  type  keeps 
true,  and  also  through  extermination  that  it  changes. 

It  is  as  great  a  blunder  to  locate  species  in  the  external  world  as  it 
is  to  locate  it  in  germ  cells  or  in  chromatin.  It  exists  neither  in  the 
environment  nor  in  the  organism,  because  it  is  in  the  reciprocal  in- 
teraction between  the  two.  The  biological  types  of  which  the  bio- 
metrician  tells  us  are  neither  external  standards  from  which  living 
beings  depart  by  variation,  nor  are  they  standards  fixed  in  living 
beings  by  heredity.  Inheritance  and  variation  are  not  facts,  but 
narrow  views  of  facts;  for  the  difference  between  them  is  neither  in 
living  beings  nor  in  an  external  standard  of  extermination,  but  in 
the  reciprocal  interaction  between  each  particular  organism  and  its 
competitors  and  enemies  and  the  other  conditions  of  its  life. 

If  the  being  of  the  individual  organism  is  not  in  itself,  but  in  the 
reciprocal  interaction  between  it  and  its  internal  and  external  envi- 
ronment, and  if  the  being  of  species  is  not  in  germ-cells,  but  in  the 
reciprocal  interaction  between  each  particular  organism  and  its  en- 
vironment, is  not  the  being  of  the  canine  species  of  the  same  nature 
as  the  being  of  a  dog?  If  these  things  are  true,  is  it  not  time  to 
have  done,  once  for  all,  with  the  pre-Darwinian  metaphysical  notion 
of  species  as  something  that  resides  in  germ-cells  and  is  handed  down 
by  a  substance  of  heredity  ? 
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L.  CUfeNOT 

Definition  des  termcs.  —  J'entends  par  hybride,  a  Texemple  des 
botanistes,  le  produit  de  Tunion  de  deux  individus  porteurs  de  ca- 
ractferes  diflF^rents ;  il  n'y  a  plus  lieu  en  effet  de  faire  une  distinction 
entre  m^tis  et  hybride,  hybridation  et  m^tissage ;  on  sait  surabondam- 
ment  qu'il  est  impossible  d'6tablir  une  limite  scientifique  entre  les 
races  et  les  espies,  entre  les  m^tis  ind^finiment  fronds  r&ultant  du 
croisement  de  deux  races,  et  les  hybrides  inf^conds  r^ultant  du  croise- 
ment  de  deux  espies;  aussi  le  mieux  est-il  de  supprimer  en  Ian- 
gage  scientifique  le  mot  m^tis  et  d'employer  le  mot  hybride  dans  le 
sens  que  lui  ont  toujours  attribu^  les  botanistes. 

L'oppos^  de  Fhybride  est  le  pur-sang,  II  est  bien  entendu  que  ces 
deux  termes  n'ont  qu'une  valeur  relative  a  un  caractfere  donn^;  dans 
la  pratique,  on  sp^ifie  toujours  —  ou  on  sous-entend  —  qu'un  indi- 
vidu  est  hybride  ou  pur-sang  pour  tel  ou  tel  caractfere:  ainsi  le  fils 
d'une  Italienne  brune  et  d'un  Fran9ais  blond  est  un  hybride  par  rap- 
port au  caract^re  couleur  des  cheveux,  mais  il  est  pur-sang  si  Ton 
consid^re  la  race  blanche,  a  laquelle  appartiennent  les  deux  parents. 
Bateson  a  r^cemment  propose  des  synonymes,  du  reste  excellents, 
aux  termes  hybride  et  pur-sang:  Vheterozygote  (=  hybride)  est  un 
individu  form^  par  Funion  de  deux  gamfetes  porteurs  chacun  d'un 
caractfere  diflF^rent :  ex. :  une  Souris  grise,  qui  doit  son  existence  a 
I'union  d'un  gamete  ayant  en  puissance  la  coloration  grise,  avec  un 
autre  gamete  ayant  en  puissance  Talbinisme.  Uhomozygote  (pur-sang) 
est  fonn^  par  Tunion  de  deux  gametes  porteurs  du  meme  caractfere : 
ex. :  une  Souris  grise  qui  doit  son  existence  k  Tunion  de  deux  gamfetes 
ayant  en  puissance  la  coloration  grise. 

Experience  fondamentale.  —  Croisement  entre  la  Souris  grise 
sauvage  des  maisons,  et  la  Souris  albinos  Jt  yeux  rouges.  —  Le  ca- 

*  Vide  anUf  Blancbard,  Rapport  sur  le  concoura  pour  le  prix  de  S.  M,  VEm- 
pereur  Nicolas  II, 

^  Materiel :  Souris  domestique  (Mue  muactUus  L.)  et  ses  diverses  races.  Tra- 
vail poursuivi  avec  1  'aide  d'une  subvention  de  ''  TElizabeth  Thomson  Science 
Fund." 
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ractfere  diflF^rentiel  apparent  est  la  presence  d'une  pigmentation  g^n6- 
rale  chez  les  premieres,  Tabsence  de  cette  meme  pigmentation  chez 
les  secondes;  je  me  propose  de  rechercher  les  rfegles  d'h^r^it^  de 
ces  deux  caractferes  sym^triques  (antagonistes  de  De  Vries,  all^lo- 
morphes  de  Bateson). 

Le  croisement  entre  ces  deux  formes  foumit  constanmient  des 
petits  absolument  identiques  au  parent  gris  a  yeux  noirs;  il  n'y  a 
^^^^^  pas  melange  entre  les  deux 

^t^^      ^^^^CI?i  caract^res  sym^triques,  pas 

^^J       -^->)  de  forme  mixte;   c'est  le 

^r^  ^^.^  parent  gris, exclusivement, 

"  ^  qui   reparatt  dans  la  de- 

scendance;   on    dit   alors 
qu'il   y   a  dominance   du 

''^ caractfere  gris ;  lecaractfere 

blanc,   qui    ne    s'exprime 

)  pas,    qui    est    cach^    par 

Tautre,  est  dit  domine  ou 

CA  CA\         /CA  CA  Mais  continuons  lex- 

\  /  p^rience  ;    croisons    entre 

^ ^ >^  eux    les    hybrides  gris  a 

caractfere  dominant;  ilap- 

paratt   cette  fois  dans  la 

prog^niture,    encore     des 

grises,  mais  aussi  des  Sou- 

rT  7a^         Ta^  \i  ris  blanches  a  yeux  rouges, 

Pjq    J  ces  dermeres  en  momdre 

nombre  que  les  premieres. 

Si   Ton  a  fait  un  nombre  considerable  de  croisements,  de  fa9on   a 

avoir  plusieurs  centaines  de  petits,  on  constate  qu41  y  a  une  relation 

num^rique  fixe  entre  les  deux  sortes,  relation  qui  est  de  trois  grises 

pour  une  blanche. 

II  s'agit  maintenant  d'interpr^ter  Texp^rience:  les  petits  de  la 
premifere  generation,  ceux  qui  etaient  tous  gris,  etaient  des  het^rozy- 
gotes  formes  par  la  fusion  d'un  gamete  renfermant  en  puissance  le 
caract^re  gris,  avec  un  autre  gamete  renfermant  en  puissance  le  ea- 
ract^re  blanc ;  ces  deux  potentialit^s  passent  dans  toutes  les  cellules 
du  corps,  y  compris  celles  de  Tovaire  et  du  testicule.  Au  moment  de 
la  formation  des  oeufs  et  des  spermatozoides,  pour  une  raison  inconnue, 
les  deux  potentialites  ne  peuvent  plus  cohabiter  dans  la  meme  cellule ; 
elles  se  s^parent  Tune  de  Tautre ;  il  y  a,  comme  on  dit,  disjondion 
des  caracteres.  La  moitie  des  gametes  re9oit  le  caract^re  gris  (C), 
Fautre  moitie  le  caract^re  blanc  (^4).  Lorsqu'on  croisera  les  hybrides 
entre  eux,  il  pourra,  par  suite,  se  produire  quatre  combinaisons  de 
gamfetes,  qui  donneront  les  r6sultats  suivants: 


^ 
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Gris    X  Gris  (CC)       «»  Gris  de  race  pure. 
3  -  Gris    X  Blanc  (Ck))  _  Gris  hybrides,  semblables  aux  hy brides 

Blanc  X  Gris  (AG)  J         de  1"»  g^n^ration. 
1  {Blanc  X  Blanc  (A A)  =  Blanc  de  race  pure. 

On  peut  exprimer  ce  r^sultat  d'une  fa9on  plus  brfeve,  en  di- 
sant  que: 

CAX  CA^  1  CC+  2CA-\-  lAA 
.3  Gris  1  Blanc 

Ce  qui  correspond  aux  r&ultats  de  Texp^rience. 

D'autre  part,  on  peut 
verifier  une  k  une  les 
Souris  produites  et  Ton 
voit  que  tout  est  bien 
confonne  a  la  provision 
th^rique.  Le  tableau  ci- 
joint  montre  Tune  de  ces 
verifications :  en  croisant 
une  Souris  grise  hybride, 
renfermant  le  blanc  a 
r^tat  doming,  par  une 
Souris  blanche,  on  obtient, 
cette  fois,  aidant  de  blan- 
ches que  de  grises.  En  ef- 
fet,  la  premiere  produit, 
par  suite  de  la  disjonction 

des  caractferes,  autant  de    / ^ 

gametes  a  caract^re  gris  ^^^^     .^^^^    ^^'^^ 
que    de    gametes    k    ca-  ^^^^\    ^^^5^  ^St^^^A 


•)       «)       o       o 

CA  CA  AA  AA 


ractfere    blanc;   la    Souris  ^ 

blanche  ne  posskle  natu- 

rellement  que  des  gametes 

a  caractfere  blanc.    II  n'y 

a  done  que  deux  combi-  Fia.  2 

naisons  possibles: 

Gris    X  Blanc  =  Gris  hybride  (CA)     ' 
Blanc  X  Blanc  =  Blanc  pur  (AA) 

Done:  CA  x  A  -^  I  CA  +  I  AA 

^  Notion  du  determinant.  —  Comment  pouvons-nous  conce- 
voir  la  presence  dans  Toeuf  ou  le  spermatozoYde  de  ce  que  nous 
avons  appele  plus  haut  une  potentiality?  On  peut  la  concevoir 
comme  due  k  la  prince,  probablement  dans  le  noyau,  d'une  sub- 
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stance  chimique  sp^iale,  qui  ne  diff^re  pas  sensiblement  de  ce  que 
Delage  a  appel^  substances  sp^ifiques  de  Toeuf  et  Le  Dantec  sub- 
stances plastiques.  Cette  substance,  que  nous  d^ignons  par  une 
lettre  faute  de  mieux,  est  le  determinant  du  caractfere  gris  quand  elle 
a  la  composition  C,  du  caractfere  albinisme  quand  elle  a  une  autre 
composition  A.  Quand  ces  deux  determinants  sont  rassemblfe,  •  il 
n'y  en  a  qu'un,  le  dominant,  qui  manifeste  sa  pr&ence;  Tautre  n'est 
pas  exprim^. 

Definition  d'un  2^  determinant.  —  Quand  onrefait  rexp^ri- 
ence  fondamentale  en  utilisant  beaucoup  d'albinos,  provenant  de 
marchands  diff^rents,  il  y  a  toujours  quelques  hybrides  dans  la  pro- 
g^niture  desqueb  apparaissent  des  formes  nouvelles,  Souris  noires, 
jaunes,  grises  a  ventre  blanc,  qui  sont  bien  nettement  diff^rentes  des 
Souris  grises  banales. 

Lorsqu'on  isole  ces  Souris  noires,  par  exemple,  et  qu'on  les  croise 
entre  elles,  on  obtient  couramment  des  albinos  qui  ne  se  peuvent  dis- 
tinguer  en  rien  des  albinos  de  Texperience  fondamentale.  De  meme 
pour  les  Souris  jaunes,  ou  les  grises  k  ventre  blanc.  Et  cependant  on 
obtient  avec  ces  divers  albinos,  Urns  identiques  entre  eux,  je  le  r^pfete, 
des  r&ultats  diff^rents : 

Void  rexp^rience: 

Des  Souris  noires  (pelage  d'un  noir  de  velours,  yeux  noirs)  sont 
r^parties  en  quatre  lots: 

Jje  l®*"  est  crois^  par  des  albinos  k  parents  grise. 

Ije  2™«  est  crois^  par  des  albinos  a  parents  gris  k  ventre  blanc. 

Le  3™®  est  crois^  par  des  albinos  k  parents  noirs. 

IjC  4™®  est  crois^  par  des  albinos  k  parents  jaunes. 

On  pent  faire  Fexp^rience  d'une  fa9on  diff^rente,  en  donnant  a 
un  meme  male  noir,  successivement,  quatre  femelles  albinos,  ap- 
partenant  aux  quatre  categories  prfcitees. 

On  obtient: 

Dans  le  I®'  lot,  toujours  des  Souris  grises. 
Dans  le  2™®  lot,  toujours  des  Souris  grises  k  ventre  blanc 
Dans  le  3™®  lot,  toujours  des  Souris  noires. 

Dans  le  4°^®  lot,  un  melange  de  Souris  jaunes  et  grises,  ou  bien  de 
Souris  jaunes  et  noires. 

II  y  a  done  des  albinos  de  valeur  diff^rente,  qui  ont  conserve 
quelque  chose  de  la  couleur  de  leurs  ancetres,  a  Fetat  complfete- 
ment  dissimule. 

Toutes  les  experiences  s'expliquent  facilement  si  Fon  admet  que 
les  gametes  renferment  deux  determinants,  Tun  C,  avec  un  symetrique 
A,  mis  en  lumiire  par  Texperience  fondamentale,  et  un  autre  qui 
s'appellera : 
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O  dans  le  cas  des  albinos  issus  de  parents  gris. 

G'  dans  le  cas  des  albinos  issus  de  parents  gris  k  ventre  blanc 

N  dans  le  cas  des  albinos  issus  de  parents  noirs. 

J  dans  le  cas  des  albinos  issus  de  parents  jaunes. 

Nous  avons  done  deux  categories  de  Souris,  les  unes  h,  yeux  noirs, 
les  autres  a  yeux  rouges: 


CG 

Grise 

CG' 

Grise  k 
ventre 
blanc 

CN 

Noire 

CJ 

Jaiine 

AG 

V 

AG 

AN 

AJ 

1 
Toutes 

albinos 

Quant  h.  la  dominance  de  ces  determinants,  elle  s'^tablit  dans 
Fordre  suivant :  J,  puis  G',  puis  G,  et  enfin  N. 

Nous  pouvons  maintenant  expliquer  dans  le  plus  petit  detail  tous 
les  resultats  des  croisements  entre  grises,  noires,  jaunes  et  albinos. 
Voici  a  titre  d'exemple,  Texplication  detaillee  de  Tapparition  subite 
des  Souris  noires: 

Le  croiseinent  des  dihybrides  CO  AN  donne: 
9   gris   3   noirs   4  albinos. 

^  y  ^ 

12  pigmentes.  "^ 

Definition  d'un  3™«  determinant.  —  Les  Anglais  elfevent  souvent 
line  jolie  race  de  Souris  (chocolate,  brown,  plum)  reconnaissable  a 
son  pelage  d'un  beau  brun  veloute,  un  peu  plus  clair  sous  le  ventre; 
les  yeux  sont  noirs,  la  queue  a  une  teinte  mixte  entre  le  rose  et  le 
brun. 

J'ai  d'abord  croise  les  Souris  brunes  entre  elles,  puis  avec  les 
differentes  races  pures  que  je  possfede,  grise  {CG),  grise  a  ventre  blanc 
(CG'),  noire  (CN),  jaune  (CJ).  Les  brunes,  crois^es  entre  elles, 
donnent  toujours  et  uniquement  des  brunes;  ce  r&ultat  permet  de 
pr^voir  que  le  brun  est  une  race  dominie  par  toutes  les  autres,  et 
qu'une  Souris  brune  quelconque  est  forc^ment  de  race  pure.  En 
effet,  quand  on  croise  une  Souris  brune  par  une  autre,  les  bybrides 
ne  sont  jamais  bruns : 

1<>.  Brun  X  Gris  =  Gris. 

2®.  Brun  X  Gris  =  kventre  blanc  =  Gris  k  ventre  blanc. 

3®.  Brun  X  Noir  =  Noir. 

4®.  Brun  X  Jaune  =  Jaune  +  Gris  ou  Noir. 
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£tudions  en  particulier  les  hybrides  du  croisement  no.  1.  Si  ce 
sont  des  monobybrides,  en  les  croisant  entre  eux,  on  obtiendra : 

Hybride  Gris-Brun  X  Hybride  Gris-Brun  =  3  Gris  +  1  Brun. 

Or,  ce  n'est  pas  du  tout  ce  qui  se  passe;  le  r^ultat  r^l  est  beau- 
coup  plus  compliqu^.  Les  produits  du  croisement  appartiennent  k 
quatre  types  diff^rents: 


4fl^CG 


cgaT^        ^  ^ 


^^AN 


CGAN 


>C6CN 


CNCN 


CNAN 


^;>  • 


U^^ 


A6AG 


AGAN 


ANAN 


1®  et  2®.  Des  gris  et  des  bruns,  semblables 
aux  grands-parents;  r^sultat  qui  ^tait  pr^vu. 

3^.  Des  noirs  typiques,  ce  qui  est  tout  a  fait 
inattendu. 

4^.  Une  forme  nouvelle,  qui  correspond  k 
ce  que  les  ^leveurs  anglais  appellent  cinnamon^ 
agouti  {goldenragoiUi  d 'Allen) ;  le  pelage  est  mixta 
entre  le  gris  et  le  brun;  la  teinte,  brun  jaunatre 
ou  gris  dor^,  se  distingue  avec  la  plus  grande 
facility  de  celle  des  grands-parents. 

Interpretation.  —  On  a  vu  que  le  croisement 
pr^^ent  donne  entre  autres  des  Souris  noires, 
qui  n'existent  absolument  pas  dans  la  lignfe 
ancestrale  des  parents  gris  et  bruns.  L'appari- 
tion  du  noir  est  due  forc^ment  a  un  apport  des  determinants  particu- 
liers  de  cette  race  (CN),  apport  dont  la  souche  brune  est  forc^ment 
responsable.  Les  Souris  brunes,  comme  les  noires,  renferment  done 
le  groupement  CN,  mais  puisque  ces  deux  races  sont  diflF^rentes,  il 
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faut  qu'il  y  ait  entre  elles  au  moins  un  determinant  diff^rentiel, 
inconnu  jusqu'ici.  J'appellerai  F  (de  fonc^)  le  determinant  en 
question  tel  qu'il  existe  chez  les  Souris  noires,  et  D  (de  dilu^)  sa 


CGFC6F 


CNOCND 


CNFCNO 


> C6DCN0 


>C6FCN0 


Fig.  4 


mutation  chez  les  Souris  brunes.  D  est  doming 
par  F,  ainsi  qu'il  ressort  des  croisements  entre 
noirs  et  bruns. 

Si  nous  attribuons  aussi  aux  Souris  grises  et 
jaunes  ce  determinant  nouveau  F,  tout  s'ex- 
plique  tr^  facilement.  Le  croisement  originel 
donne  naissance  a  des  dihybrides,  les  grises 
ayant  la  formule  CQF,  et  les  brunes  ayant  la 
formule  CND,  On  trouvera  ci-contre  le  ta- 
bleau de  prevision  du  croisement  base  sur  les 
hypotheses  precedentes. 

La  combinaison  nouvelle  CGD  qui  appa- 
ratt  dans  le  tableau  est  evidemment  celle  des 
bruns  dores  (golden-agouti),  qui  diflF^rent  a 
la  fois  des  dihybrides  gris  et  de  leurs  parents 
gris  et  bruns. 


Parents  de  race  pure. 

Dihybrides  dont  les  gametes  ont  les  formules  COF,  CND,  CGD, 
CNF. 
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Le  croisement  des  dihybrides  CGFCND  donne: 
9  gris,  3  noirs,  3  golden-agouti  et  1  brun. 

Definition  d'un  4"«  determinant.  Paradoxe  de  Darbishire. — 
Les  deveurs  de  Souris,  en  Angleterre,  possklent  une  race,  tr^  delicate 
a  elever,  qui  a  un  pelage  fauve  assez  terne,  et  en  meme  temps  des 
yeux  rouges  comme  les  albinos.  Or  si  Ton  croise,  comme  Ta  fait  le 
premier  Darbishire,  cette  Souris  fauve  a  yeux  rouges  par  un  albinos 
eommun,  ^galement  k  yeux  rouges,  on  obtient  uniquement,  con- 
stamment,  des  Souris  a  yeux  noirs,  g^n^ralement  de  pelage  gris. 
C'est  un  r^sultat  vraiment  paradoxal,  puisque  les  Souris  fauves  et  les 
albinos  ont  une  lign'^e  ancestrale  a  yeux  rouges  aussi  longue  qu'on 
voudra  le  supposer,  et  cependant  les  produits  imm^iats  du  croise- 
ment ont  les  yeux  parfaitement  noirs. 

Ces  hybrides  crois^  entre  eux  ont  une  prog^niture  compliqu^e, 
dans  laquelle  r^pparaissent  les  yeux  rouges,  les  yeux  noirs  et  des 
combinaisons  nouvelles;  j'ai  mis  plusieurs  ann^es  k^laircir  le  pro- 
bl^me,  qui  est  cependant  tr^  simple.  La  Souris  fauve  a  yeux  rouges 
renferme  un  determinant  nouveau  E  (de  erythron,  rouge),  de  sorte 
que  sa  formule  devient,  avec  les  determinants  anterieurement  connus, 
COEF;  ce  determinant  permet  le  developpement  de  la  couleur  (mo- 
difiee  fortement)  dans  le  pelage,  mais  Tarrete  dans  les  yeux;  Tantago* 
niste  de  E  est  le  determinant  M  (de  melas,  noir),  qui  existe  chez 
toutes  les  Souris  a  yeux  noirs,  et  les  albinos  issus  de  Souris  a  yeux 
noirs;  ce  determinant  permet  le  developpement  du  pigment,  quand 
il  est  accompagne  par  C. 

Le  paradoxe  de  Darbishire  devient  trfes  facile  k  expliquer:  Thy- 
bride  entre  fauve  a  yeux  rouges  et  albinos  est  un  dihybride : 

COEF  X  AOMF  -  -^G-|-  F 

(J'ai  place  en  denominateur  les  determinants  domlnes.) 
Ce  dihybride  a  le  pelage  gris  et  les  yeux  noirs,  puisqu'il  renferme 
le  groupement  dominant  CGMF,  les  deux  determinants  qui  sont 
Torigine  des  yeux  rouges,  E  dans  un  cas,  A  dans  Tautre,  etant  domines. 
Une  fois  cette  interpretation  certaine,  j'ai  substitue  le  'determi- 
nant E  chez  les  Souris  noires  et  jaunes,  et  obtenu  deux  formes 
nouvelles: 

CNEF  =  Souris  k  yeux  rouges;  pelage  d'un  joli  gris  perle. 
CJEF  =  Souris  k  yeux  rouges;  pelage  jaune  franc. 

verification  de  Texistence  des  determinants.  —  Peut-6tre  cette 
interpretation  des  resultats  d'hybridation  au  moyen  des  determinants 
paraitra-t-elle  une  jonglerie  de  lettres  sans  base  solide;  cependant 
tout  s'accorde  si  precisement  avec  les  faits,  qu'il  faut  bien  que  la 
theorie  reponde   a  la  realite.     J'ai  annonce   d'avance    (5me    note, 
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p.  ix)  le  r6sultat  du  croisement  entre  deux  formes  dont  je  poss^ais  k 
ce  moment  la  tr^  peu  d'individus :  la  Souris  gris  perle  a  yeux  rouges 
a  laquelle  j'attribue  la  formule  CNEF,  et  la  Souris  brune  k  yeux 
noirsy  a  laquelle  j'ai  attribu^  la  formule  CNMD.  Avec  la  certitude 
d'une  reaction  chimique,  le  croisement  doit  donner  uniquement  des 
Souris  noires  a  yeux  noirs. 

CNEF  X  CNMD  ^  CN  ^  ^ 

M  et  F  6tant  dominants  sur  leurs  antagonistes  E  et  D. 

Depub,  j'ai  fait  bien  des  fois  Texp^rience,  et  elle  a  donn^  le  r^ 
sultat  attendu.  II  y  a  done  dans  le  plasma  germinatif  des  determi- 
nants ou  substances  chimiques  diiT^rentes,  qui  se  disjoignent  r^gu- 
li^rement  dans  les  gametes,  conform^ment  aux  regies  des  probability, 
et  qui  sont  susceptibles  de  variation  ind^pendante. 

Definition  d'un  5™*  determinant  —  Au  cours  de  mes  devages,  il 
est  apparu,  dans  les  diverses  variety  color^  que  j'^tudiais,  des  in- 
dividus  panache,  pr&entant  des  taches  ou  zones  blanches,  tranchant 
sur  le  pelage  pigments.  Je  puis  dire  tout  de  suite  que  la  panachure 
est  une  mutation  sp^iale,  superpose  aux  mutations  de  couleur  et 
complfetement  ind^pendante  de  celles-ci  au  point  de  vue  h^r^itaire; 
on  pent  transferer  la  panachure  a  n'importe  quelle  race,  et  on  pent 
la  transmettre  par  Tintermediaire  d'albinos,  qui  possMent  la  pana- 
chure en  puissance,  mais  non  exprimee,  puisque  la  robe  enti^re  est 
blanche. 

La  panachure  est  un  caractfere  tr^  int^ressant  au  point  de  vue  de 
la  Variation,  car  par  une  s^fection  convenable  on  pent  lui  faire  suivre 
une  progression  assez  r^guli^re :  la  panachure  debute  toujours  par  la 
queue,  les  doigts  et  la  face  ventrale,  plus  rarement  par  une  petite 
tache  blanche  sur  le  sommet  de  la  tfite ;  c'est  sous  cette  forme  que  Ton 
rencontre,  assez  frequemment,  la  panachure  chez  les  Souris  grises 
sauvages,  comme  je  Tai  constate  apr^  Haacke. 

La  panachure  caudale  et  la  tache  ventrale  grandissent  ensuite; 
cette  demi^re  envahit  les  membres  et  crott  sur  les  flancs  jusqu'a  gagner 
en  ceinture  la  face  dorsale ;  le  blanc  envahit  le  museau,  puis  la  tete. 
Finalement,  il  reste  deux  regions  pigmentees,  toutes  deux  dorsales, 
une  anterieure  et  une  posterieure.  Les  yeux  restent  noirs.  La 
panachure,  si  etendue  qu'elle  soit,  ne  va  jamais  jusqu'a  la  disparition 
totale  de  la  couleur;  il  y  a  une  limite  infranchissable. 

Je  designe  les  differents  degres  de  panachure  par  les  lettres  pS  p', 

p",  p^ P.     L'antagoniste  est  le  caract^re  robe  uniforme, 

designe  par  la  lettre  U. 

Le  determinant  U  est  dominant  sur  tous  les  determinants  p',  p' 

P;  de  meme  le  minimum  de  panachure  est  dominant  sur 

lesuivant;  p*  domine  p*,  p* P.    Ces  rapports  de  dominance 

expliquent  un  resultat  d'apparence  paradoxale:    si  on  croise  une 
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Souris  extremement  panache  par  un  albinos  descendant  d'animauz 
k  robe  uniforme  (c'est  k  dire  renfermant  le  determinant  U),  on  serait 
tente  de  croire  que  le  blanc  va  augmenter  dans  la  prog^niture;  c'est 
le  contraire  qui  arrive,  les  hybrides  sont  tons  uniform^ment  pigments. 

D6finition  d'un  6°>«  determinant.  —  Tout  le  monde  connatt  les 
Souris  valseuseSj  qui  sont  souvent  dev^  par  les  Japonais.  Ce 
caract^re  est  une  mutation  sp^iale,  comme  la  panachure,  absolu- 
ment  ind^pendante  de  toutes  les  mutations  de  couleur;  on  pent  trans- 
ferer la  valse  k  n'importe  quelle  race,  albinos  ou  colonfe,  panach^e  ou 
uniforme.  Je  d^signe  par  W  le  determinant  responsable  de  ce  carac- 
t^re,  et  par  R  son  antagoniste,  caract^re  de  la  marche  normale.  R  est 
dominant  sur  W,  comme  Font  montre  les  experiences  anciennes  de 
von  Guaita. 

Formule  h6r6ditairc. — La  formule  hereditaire  d'une  race  don- 
nee  est  la  liste  des  determinants  renfermes  dans  le  plasma  germi- 
natif  de  la  race ;  ainsi  pour  la  Souris  grise  sauvage,  cette  formule  est 
CGMFUR  .  .  .,  et  il  est  probable  qu'il  y  a  d'autres  determinants 
encore  inconnus. 

Voici  la  liste  des  determinants  connus  et  de  leurs  mutations  ches 
les  Souris: 


C 
A 


J 

F 

M 

U 

c 

D 

E 

P* 

Q 

p« 

N 

R 
W 


Une  mutation  donnee,  dans  ce  tableau,  domine  celles  qui  sont  placees 
en  dessous  d'elle.  Ce  tableau,  qui  resume  le  travail  de  plusieurs  an- 
nees,  permet  de  calculer  et  de  prevoir  les  resultats  de  tons  les  croise- 
ments  possibles.  Un  calcul  trfes  simple  montre  qu'il  pent  exister  chez 
les  Souris  128  formules  hereditaires  differentes,  correspondant  k 
autant  de  races  pures  homozygotes. 

Conclusions  o£:n6rales 

1.  Nous  avons  vu  qu'un  caract^re  descriptif  simple,  tel  que  la 
couleur  d'un  pelage,  pouvait  6tre  represente  dans  le  plasma  germi- 
natif  par  plusieurs  determinants ;  c'est  pour  cette  raison  que  I'etude 
vraiment  scientifique  de  Fheredite  est  non  pas  celle  de  Theredite  des 
caract^res  descriptifs,  mais  bien  de  leurs  unites  ou  determinants,  ce 
qui  est  tout  different  et  beaucoup  plus  complique.  Les  experi- 
ences d 'hybridation  ne  donnent  des  resultats  parfaitement  clairs  que 
lorsqu'on  est  arrive,  par  une  analyse  detaillee,  k  definir  les  caract^res 
unites  mis  en  jeu.  Chez  les  Souris,  la  loi  de  Theredite  des  determinants 
est  toujours,  sans  exception,  la  rfegle  de  Mendel  (dominance  d'un 
determinant,  disjonction  reguli^re  dans  les  gametes). 
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2.  Les  determinants  n'ont  pas  une  action  restreinte  k  un  ca- 
ractfere  descriptif  particulier;  ils  agissent  d'une  fa9on  g^n^rale  sur 
Torganisme;  il  n'est  pas  douteux  que  le  determinant  W,  et  k  un 
moindre  degr^  le  determinant  E,  quels  que  soient  ceux  qui  raccom- 
pagnent,  sont  corr6latifs  avee  une  mauvaise  sante  g^nerale,  k  un  tel 
point  qu'on  eifeve  a  grand  peine  les  Souris  valseuses  jusqu'a  Tetat 
adulte,  de  meme  que  les  Souris  fauves  a  yeux  rouges ;  ee  sont  tou jours 
ces  races  qui  meurent  le  plus  facilement,  ce  qui  produit  souvent  des 
erreurs  apparentes  dans  les  proportions  numeriques  pr^vues  th^o- 
riquement.  II  y  a  meme  des  determinants  dont  Texistence  est  incom- 
patible avec  la  vie  de  Tanimal,  s'ils  ne  sont  pas  corriges  par  leurs 
sjrmetriques :  ainsi  il  ne  pent  exister  de  Souris  jaunes  pures  en  J, 
evidenmient  parce  que  le  determinant  J  ne  permet  pas  le  fonctionne- 
ment  normal;  mais  si  J  (dominant)  est  accompagne  de  son  symetrique 
G,  G',  ou  N,  rheterozygpte  vit  parfaitement. 

3.  Les  experiences  d'hybridation  ont  permis  de  comprendre  et 
d'expliquer  Vatavisme;  on  appelle  atavistes  des  formes  qui  appa^ 
raissent  d'une  fayon  imprevue  dans  les  elevages,  et  qui  rappellent  en 
tout  ou  en  partie  un  ancfetre  disparu  depuis  de  nombreuses  genera- 
tions (exemple  classique  du  Pigeon  Bizet  cite  par  Darwin).  J'ai 
decrit  plus  haut  un  croisement  qui  fournit  k  coup  sur  des  atavistes; 
e'est  le  croisement  entre  une  Souris  fauve  k  yeux  rouges  (CGE)  et  un 
albinos  (AOM);  ces  deux  formes,  parfaitement  constantes  Tune  et 
I'autre,  ont  eu  chacune  des  parents  identiques  a  elles-memes  depuis 
autant  de  generations  qu'on  voudra  le  supposer,  et  cependant  les 
produits  de  leur  union  sont  tons  identiques  a  la  Souris  grise  sauvage, 
qui  est  sans  aucun  doute  Tancfitre  commun  des  formes  a  yeux  rouges. 
Pour  expliquer  cette  reapparition  de  Fanc^tre,  Darwin  et  Weismann, 
pour  ne  citer  qu'eux,  ont  lourdement  complique  leurs  theories  de 
I'heredite;  il  a  fallu  admettre  qu'une  parcelle  du  plasma  germinatif 
de  Tancfitre  s'etait  conservee  latente,  pendant  des  annees,  voire  meme 
des  sidles,  jusqu'au  jour  oil,  par  suite  de  circonstances  favorables, 
cette  parcelle  arrive  a  predominer  dans  un  gamfete  pour  reproduire 
la  forme  ancestrale.  Les  choses  sont  beaucoup  plus  simples  que  cela ; 
il  n'y  a  pas  de  parcelle  ancestrale  latente ;  il  n'y  a  rien  qui  represente 
le  ou  les  anc6tres  dans  un  plasma  germinatif,  pas  plus  qu'il  n'y  a 
dans  de  Tacide  carbonique  et  de  la  chaux  un  representant  du  calcaire 
dont  on  a  pu  les  extraire  autrefois.  Si  Tancfetre  reapparatt  dans 
certaines  circonstances  que  Ton  pent  provoquer  a  volonte,  c'est  parce 
que  Tunion  de  deux  plasmas  germinatifs  differents  a  forme  une  com- 
binaison  qui  est  precisement  identique  au  plasma  germinatif  de 
Tanc^tre,  de  meme  qu'en  combinant  de  Tacide  carbonique  et  de  la 
chaux,  on  arrive  a  reformer  du  calcaire. 

4.  Le  maniement  des  determinants  permet  de  concevoir  Texis- 
tence  de  combinaisons  nouvelles  et  donne  un  moyen  de  les  obtenir. 
Ainsi,  parmi  toutes  les  races  de  Souris  que  j'ai  cues  entre  les  mains 
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(qui  sont  h  peu  prfes  toutes  les  races  connues  des  fleveurs),  il  n'en 
est  aucune  qui  ait  les  formules  suivantes : 

CGED  CNED  CJED 

Mes  experiences  en  cours  sont  dirig^  de  fa9on  k  obtenir  ces 
combinaisons  inconnues.  Je  n'en  ai  encore  isol^  qu'une:  c'est  la 
forme  CNED;  elle  a  les  yeux  rouges,  naturellement,  puisque  le 
determinant  E  est  present;  le  pelage  est  cafe  au  lait,  mixte  pour 
ainsi  dire  entre  la  forme  CNEF  (jpis  perle),  et  la  forme  CNMD 
(brune). 

5.  Les  r^sultats  auxquels  je  suis  arrive  au  sujet  des  determinants 
nous  montrent  comment  s'op^re  la  variation;  tantdt  elle  consiste  en 
des  changements  brusques  et  discontinus  de  certains  determinants 
(mutations  de  De  Vries),  tant6t  en  changements  trfes  faibles  et  giadues, 
ce  qui  leur  donne  une  apparence  continue;  a  la  premifere  categoric 
appartiennent  par  exemple  la  mutation  de  C  en  A,  la  mutatioa  de 
G  en  G',  N,  J,  la  mutation  de  R  en  W,  etc. ;  A  la  seconde  categoric, 

les  modifications  de  panachure,  pS  p^9  jf H  ne  semble  pas  qu'il 

y  ait  une  difference  essentielle  entre  la  variation  discontinue  et  celle 
que  paratt  continue;  c'est  toujours  la  meme  rfegle  d'heredite  mende- 
lienne  qui  regit  les  croisements  de  determinants,  quelle  que  soit  la 
valeur  de  la  difference  qui  exbte  entre  eux. 
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Prize  Essay* 

HYBRroATIONS-EXPERIMENTE,  IM  WEITESTEN  SINNE 
DES  WORTES,  VOM  JAHRE  1873  BIS  ZUR  GEGENWART 
IN  IHREN  AUSBLICKEN  AUF  DIE  SCHEIDUNG  DER 
ARTEN  UND  DEN  WEG,  WELCHEN  DIESE  SCHEIDUNG 
DURCHLAUFT 

M.  STANDFUSS 

Die  Welt  der  Organismen,  die  Pflanzen-  wie  die  Tierwelt,  zer- 
fallt  in  letzter  Linie  in  scharf  umschriebene  Individuengnippen  als 
Einheiten,  welche  seit  Linn^  den  Namen  "Species,"  "  Arten/*  fiihren. 
Obwohl  dieselben  neben  und  durcheinander  leben,  gehen  sie  nicht 
durch  Zwischenfonnen  in  einander  liber,  erweisen  sieh  vielmehr  so 
klar  von  einander  abgesondert,  ab  hatte  nie  ein  Zusammenhang 
zwisehen  ihnen  bestanden. 

Linn^  und  seine  Schule,  welche  diese  Tatsache  bereits  klar  er- 
kannten,  fassten  daher  die  Uebereinstimmungen  und  Unterschiede 
der  Arten  als  etwas  Feststehendes,  Unveranderliches  auf  und,  indem 
sie  diese  Auffassung  auch  auf  die  Vergangenheit  und  Zukunft  der 
Species  ausdehnten,  bildete  sich  das  Dogma  von  der  "Constanz 
der  Art." 

Ja  es  kann  gesagt  werden,  dass  man  in  jenen  Zeiten  der  griind- 
lichen  Untersuchung  aller  der  Tatsachen  —  und  es  fehlte  schon  da- 
mals  an  der  Beobachtung  solcher  Tatsachen  nicht  —  welche  dieses 
Dogma  hatten  erschiittem  und  als  Irrtum  ausweisen  miissen,  ge- 
flissentlich  aus  dem  Wege  ging. 

Die  grosse  Lebensarbeit  Darwins  hat  dieser  Anschauung  den 
Todesstoss  versetzt. 

Der  Naturforscher  von  heute  sieht  die  Unterschiede  zwisehen  den 
Arten  als  etwas  Gewordenes  an  und  die  Uebereinstimmung  als  etwas 
Urspriingliches  aus  der  natiirlichen  Verwandtschaft  der  Organismen 
mit  einander  ganz  natiirlicher  Weise  Herriihrendes,  in  bestimmten 
Fallen  dann  allerdings  vielleicht  auch  durch  Convergenz  nachtrag- 
lich  Entstandenes. 

*  Vide  ante,  Blanchard,  Rapport  mr  le  cancaurs  pour  le  prix  de  S.  Jf .  VEnv' 
pereur  Nicolas  IL 
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Bind  die  verschiedenen  Arten  nun  tatsachlich  einerseits  blut»- 
verwandt,  anderseits,  wie  wir  vorher  betont  haben,  gegenwartig  von 
einander  geschieden,  so  muss  es  eine  Hauptaufgabe  der  Entwicke- 
lungslehre  sein,  der  En  stehung  dieser  Scheidung  nachzuspiiren 
und  wenigstens  den  Weg  zu  verfolgen,  welcher  zur  Herausgestaltung 
jener  LUcke  zwischen  den  Arten  fiihrte.  Hat  die  Descendenztheorie 
recht,  so  muss  doch  wohl  a  priori  angenommen  werden,  dass  dieser 
Scheidungsprocess  sich  nicht  nur  in  der  Vergangenheit  vollzogen 
hat,  sondern  dass  er  auch  in  der  Gegenwart  seinen  Fortgang  nimmt 
und  dass  es  daher  moglich  sein  sollte,  solche  Individuengruppen  auf- 
zufinden,  in  denen  sich  gerade  zu  unseren  Lebzeiten  eine  solche  Kluf  t 
zu  offnen  beginnt. 

Der  Blutsverwandtschaft  zwischen  den  Organismen  kann  nur 
durch  Ziichtung  nachgegangen  werden.  Es  ware  also  auf  Grund 
unserer  Erwagungen  eine  zweif ache  Aufgabe  zu  losen : 

I.  Durch  Zuchtung  oder,  wie  man  diese  Art  der  Ziichtung  nennt, 
durch  Kreuzung  zu  ermitteln,  wie  beschaflFen  die  Liicken  zwischen 
getrennten  Einheiten,  also  verschiedenen  Arten,  sind  ? 

II.  Zu  untersuchen,  wie  sich  das  Zuchtresultat  gestaltet,  wenn 
wir  die  im  Rahmen  einer  Species  stehenden,  aber  sichtlich  verschiede- 
nen Formengruppen  miteinander  paaren. 

Zeigt  sich  dann,  dass  die  Resultate  der  I.  Experimentreihe  ver- 
glichen  mit  den  Resultaten  der  II.  Experimentreihe  ihrem  innersten 
Wesen  nach  etwas  fundamental  Verschiedenes  sind,  so  kann  keine 
der  zu  der  experimentellen  Untersuchung  herangezogenen  im  Rahmen 
einer  Art  stehenden  verschiedenen  Formengruppen  als  Ausgangs- 
punkt  fiir  die  Herausgestaltung  neuer  Arten  gedacht  werden. 

Stellt  sich  aber  heraus,  dass  das  Ergebnis  der  Paarung  zwischen 
gewissen  verschiedenen,  im  Rahmen  einer  Art  stehenden  Formen 
nur  graduell,  nur  quantitativ  sich  von  den  Zuchtresultaten  getrennter 
Arten  unterscheidet,  so  konnen  diese  Verschiedenheiten  innerhalb 
der  Art  der  Beginn  neuer  Arten  sein.  Wir  haben  ein  Recht,  in 
diesen  betreflPenden  Formengruppen  die  Vorstufen  neuer  Arten  zu 
erblicken. 

Fiir  die  I.  Experimentreihe  wurden  seit  1873  bis  zur  C/egenwart 
63,600  Individuen  von  gegen  vierzig  Arten  verbraucht. 

Das  Ergebnis  derselben  war  beziiglich  der  uns  hier  in  eressieren- 
den  Frage  folgendes  : 

Wurden  Arten  gekreuzt,  welche  verschiedenen  Familien  an- 
gehorten : 

PhragnKUobiafuliginosa Tu.  $        Endromis versicolorala,  $ 
Satuniia  pavonia  L.  9       '  Aglia  tau  L.  9  ' 

so  erwiesen  sich  die  nach  der  Paarung  abgelegten  Eier  stets  als  voU- 
kommen  unbefruchtet. 
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Auch  die  Kreuzung  von  Arten  aus  verschiedenen  Grattungen 
derselben  Familie: 

Aglia  tau  L.  j  ,  Satumia  pavonia  L.  j  ^ 

ScUnmia  pavonia  L.  9  '  Aglia  tau  L.  9 

Satumia  pavonia  L.  ^  .     .        .        . 

Actios  luna  L.  9 
lieferte  im  allgemeinen  keine  Brut 

Satumia  pavonia  h.  $  ^      <  -T/rr  tj..       u 

- — r;-. — .  \  „ — - — rf^ — jr  zeugtcii  1-7  %  RauDchen. 
OraOUia  isabeUos  Graelb,  9      ^  /o         i^ 

(Cf.  Standfuss,  Handbuch,  1896,  ss.  99-100,  Taf.  Ill,  Fig.  6;  und 
Standfuss,  Exper.  zoolog.  Studien  .  .  .  1898  aus  Neue  Denkschriften  d. 
allgem.  schweiz.  Gesellsch.  f.  d.  gesammten  Naturwissensch.,  s.  47.) 

Im  gUnstigsten  Falle  glUckte  es,  dieselben  bis  nach  der  zweiten 
Hautung  zu  erziehen,  dann  starben  sie  ab. 

Ganz  neuerdings  gelang  es  dann  auch  Bastardbrut,  welche  aus 
der  Kreuzung  zweier,  verschiedenen  Gattungen  angehorender  Arten 
hervorging,  bis  zur  Imaginalform  zu  erziehen,  namOch  von 

Dilina  tiliae  L.  <J 
Smerinthus  ocella  a  L.  9  * 

Es  wurden  im  ganzen  bis  jetzt  rund  7000  Individuen  der  beiden 
Grundarten  zusamlnen  fUr  dieses  Experiment  verbraucht,  welche 
nur  20  wohlentwickelte  Exemplare  des  Gattungsbastards  ergaben, 
ohne  Ausnahme  mannliche  Individuen  (cf.  Photographieen,  Fig. 
23&-251). 

Aus  Kreuzungen  von  Arten  gleicher  Gattung  resultierte  bei 
umfassend  ausgefUhrtem  Experiment  meist  Brut 

Drei  von  diesen  Kreuzungen : 

Smerinlhua  ^^^^^  ^    (cf.  Photogr.,  Fig.  159); 

, -,  ,  neustria  L.  $       (cf.  Standf.  Handbuch,  1896,  Taf. 

MalacosoTna : — ^    ^  ttt    t^-     q\  . 

franeonxca  Esp.  9  ^^^»  ^^g-  ^)» 

von  1906  u   1907  Smer  P^^  ^ar-  auMauii  Stgr.  j    (cf.  Photogr.. 
von  190b  u.  iyU7,  6nuT.  _^^_^_  Fig.  190-197), 

lieferten  nur  mannliche  Individuen,  zwei  andere, 

^  ,         neustria  L.  j (cf.  Standf.  Handbuch,  1896, 

*  castrensis  yar.venetaStdh.  9  Taf.  Ill,  Fig.  4); 

J  - .  ,  franconica  Esp.  i 

und  Malacos.  — -^ — ^ *\    ^^ — -  > 

castrensts  var.  veneta  Stfs.  9 

nur  weibliche,  sexuell  verkummerte  Falter. 
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Vier  weitere  Hybridationen 

Sm^r.  o^^^L   ^         Photogr.,  Pig.  160-183); 
popiut  L.  9 

p         ocellata  vax.  atlarUica  Aust.  ^  /  ,  r»i    .  -cc     ioa  ion\ 

SnuT. popvlih.  9 ^*'^-  ^^°^«''  F>g-  184-189); 

Pygaera  '^^^^^^.^  (cf.  Stdfs.  Gesamtb.,  Taf.  IV,  Pig.  15, 16); 

von  1906  und  1907  Snur.  ocellata  h.  i  ^  (rf.  Photogr 

popvii  var.  ausiavii  Styr.  9   Fig.  198-209), 

wiesen  ab  Nachkommen  viele  mannliche  und  sehr  wenige  weibliche 
Imagines  auf,  letztere  stets  von  so  klimmerlichem  Gesamtgeprage, 
dass  sie  als  fortpflanzungsfahig  nicht  gedacht  werden  konnen. 
Zwei  fernere  Kreuzungen, 

^  .     pavonialj,  $      (cf.  Stdfs.  Handbuch,  1896 ;  Photogr.,  Fig. 

^'^'*'^"'  s^ni  SchiflF.  9  13-26,  Taf.  II,  Fig.  3-5) ; 

o^  .  vavaniaL.  <J  (cf.  Stdfs.  Handbuch,  1896;  Photogr.,  Fig. 
^^'''^'^  pyn  Schifl.  9  91-105,  Taf.  I,  Fig.  1-4), 

brachten  mannliche  und  weibliche  Individuen  in  normaler  Ver- 
haltniszahl    hervor,    aber    die    Ovarien    des    einen    Mischlings  — 

ScUvmia  2- — ; — —  —  enthielten  niemab  auch  nur  Eikeime,  die 
pyri  9 

des  anderen  —  Satumia  ^   .  . w  esen  ofter  in  geringer  Zahl 

spt7it  9 

verkiinunerte  und  missgebildete  Eier  auf,  welche  indess,  wie  viele 
Versuche  bewiesen,  sich  in  keinem  einzigen  Falle  ab  entwickelungs- 
fahig  zeigten. 

Bei  diesen  zwolf  verschiedenen  Bastardfonnen  war  also  eine 
Fortpflanzung  derselben  in  sich  vollkommen  unmoglich  und  aus- 
geschlossen. 

Schliesslich  wurden  doch  aber  auch  bei  diesen  Experimenten  acht 
weitere  verschiedene  Blendlinge: 

Zygaem      f^/^j^^  L.   <?      ^^^  g^j^  Handb.,  1896,  Taf.  Ill,  Fig.  5), 

plipendiUae  Ls,  9 
^  curvatula  Bkh.  j  (cf.  Stdfs.  Exper.  Zool.  St.  1898,  Taf.  I, 

^^^^    falcataria  L.  9      Fig.  12 ;  ferner  Gesamtbild,  etc.,  Taf.  IV, 

Fig.  5,  6). 

Drepana    f^^^^J^'  ^     (cf.  Gesamtbild,  etc.,  Taf.  IV,  Fig.  7, 8). 
"^        cvrvatida  Bkh.  9 

Pygaera  P^^^l""'  ^  (cf.  Gesamtbild,  etc.,  Taf.  IV,  Fig.  9,  10). 
curtvla  L.  9         . 


Digitized  by 


Google 


HYBRIDATIONS-EXPERIMENTE  115 

_  curtitla  L.  i    (cf.  Exper.  Zool.  St.  1898,  Taf.  Ill,  Fig.  11, 

^^'^°  pigratUn.9      12;  und  GesamtbUd,  Taf.  IV,  Pig.  11, 12). 
p  curtdaL.  j      (cf.  Exper.  Zool.  St  1898,  Taf.  IV,  Fig. 

^^"^°  H^J^dWiir?        13,  14;  und  Gesamtbild,  Taf.  IV,  Fig. 

13,  14). 

von  1906,  SmeriiUhus      o^g^^"^  L.  ^       ^^j  Photogr.,  Pig.  226-237), 
excaecata  Aooot  9 

von  1906,  Bistan  Jx^^ius  Hh.  j 
hvrtanus  CI.  9 

erzogen,  deren  Verhalten  uns,  in  Anbetracht  der  gerade  verfolgten 
Probleme,  besonders  interessiert,  weil  hier  die  Blutsverwandtschaft 
unter  alien  bisher  von  uns  daraufhin  durch  das  Kreuzungsexperiment 
controllierten  Artenpaaren  *  ein  Maximum  erreicht. 

Als  wichtigste  Ergebnisse,  die  sich  bei  den  Kreuzungen  dieser 
Arten  heraustellten,  waren  folgende  Punkte  hervorzuheben : 

1.  In  den  von  den  hybridisierten  Weibchen  abgelegten  Eiem 
entwickelten  sich  niemals  durchweg  Embryonen,  wahrend  aus  genu- 
iner  Paarung  herrtihrende  Eier  regularer  Weise  ohne  Ausnahme 
Brut  zu  ergeben  pflegen. 

2.  Die  Bastarde  stellen  eine  individuell  schwankende  Zwischenform 
zwischen  den  elterlichen  Arten  dar,  welche  aber  der  erdgeschichtlich ' 
alteren  Species  naher  steht  ohne  sie  jedoch  vollkommen  zu  erreichen. 

3.  Die  Hybriden  zeigen  zwischen  der  mannlichen  und  der  weib- 
lichen  Individuenzahl  ziemlich  genau  das  normale '  procentuale  Ver- 
haltnis  (cf.  Standf.  Handb.  1896,  ss.  189-196). 

'  Urn  distincte  Arten,  um  dies  noch  beeondere  hervorzuheben,  muss  es 
sich  in  alien  diesen  hybridisierten  Speciespaaren  handeln,  da  sich  die  Verbreit- 
ungsgebiete  aller  Paare  vielfach  decken  —  abgesehen  von  den  beiden  Smerin- 
thua- Arten,  von  denen  das  eine  der  palaearctiscnen,  das  andere  der  neoarctischen 
Fauna  an,geh6rt,  Qber  deren  Artverschiedenheit  indess  aus  vielen  GHlnden  ein 
Zweifel  nicht  b^tehen  kann  —  ohne  dass  bisher  jemals  erdgeschichtlich  erhal- 
tungsf&hige  Zwischenfonnen  irsendwo  aus  der  Natur  bekannt  geworden  w&ren. 

*  Wir  kdnnen  uns  hier  auf  die  Methoden  der  Feststellung  des  verschieden 
hohen  erdgeschichtlichen  Alters  der  experimentell  auf  ihr  Mischproduct  hin  ge- 
prCiften  Artenpaare  nicht  einlassen,  doch  ist  zu  sa^n,  dass  diese  Feststellung 
einen  recht  hohen  Grad  der  Wahrscheinlichkeit  erreichen  kann.  Die  Falterwelt 
gehOrt  nachweislich  zu  den  neueren  Tierformen,  hat  sie  sich  doch  im  engsten 
Anschluss  an  die  Entwickelung  der  erdgeschichtlich  nicht  alten  phanerogamen 
BlQtenwelt  herausgestaltet  und  ist  darum  in  ihren  Artenreihen  grdsstenteils 
noch  sehr  vollkommen  erhalten.  Diese  Vollst&ndigkeit  der  Reihen  erleichtert 
die  PrQfung  der  einzelnen  Glieder  dieser  Reihen  auf  ihr  relatives  erdgeschicht- 
liches  Alter. 

Blan  vergleiche  die  hierher  gehdrenden  ErOrterungen  in  Standfuss,  Hand- 
buch,  1896,  ss.  100-107  (das  relative  phylogenetische  Alter  der  drei  Arten :  Sa- 
tumia  spini,  pavonia  und  pyri) ;  sowie  Exper.  Zool.  Studien  Separatum,  ss.  74-76 
^hier  handelt  es  sich  um  cue  Feststellungdes  verschieden  hohen  erdgeschicht- 
hchen  Alters  der  drei  Arten :  Pygaera  pigra  Hfn.,  curtula  L.  und  anachoreta  F.). 

•  Ausgenommen  die  Kreuzung  Pyg.  ^^^^  '  ^  ^  bei  welcher  nur  sehr 
wenige  Weibchen  auftraten. 
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4.  Die  mannlichen  Falter  erweisen  sich  —  soweit  sie  bisher 
daraufhin  controlliert  wurden  —  von  fast  normaler  Pruchtbarkeit 
Die  weiblichen  Imagines  besitzen  in  der  Mehrzahl  der  Individuen 
eine  Eiermenge,  welche  hinter  dem  normalen  Eierschatz  der  Grund- 
arten  wenig  zurucksteht;  es  finden  sich  indess  auch  alle  Uebergange 
von  diesen  Formen  bis  zu  solchen  weiblichen  Individuen,  deren 
Ovarien  voUkommen  leer  sind. 

5.  Bei  drei   dieser  Bastardfonnen    Drepana  —z—, .    ^    — , 

falcatana  L.  9 

D  pigra  Hfn.  i        ,  „  curtvla  L.  <?  , 

rygaera  ^  ^,  , ,  und  Pygaera  —, ==r — ^    wurden    mann- 

^^         cwrtula  L.  9  *  ^^         pigra  Hfn.  9 

liche  und  weibliche  Individuen  derselben  Bastardfonn  mehrfach 
mit  einander  zur  Paarung  gebracht.  In  den  nach  der  Paarung 
abgelegten  Eiern  entwickelte  sich  meist  eine  ziemliche  Anzahl  Brut,  in 
den  gunstigsten  Fallen  schliipften  indess  nur  5-11  %  Raupchen  aus. 

Eine  Aufzucht  derselben  gluckte  in  keinem  einzigen  Falle  (cf. 
Exper.  Zool.  St.  1898,  ss.  70,  71,  und  Gesamtb.  1899,  ss.  25-27). 

Mithin  erwies  sich  auch  zwischen  den  Artenpaaren,  welche  noch 
die  grosste  Blutsverwandtschaft  bei  unseren  langjahrigen  ZUchtungs- 
Experimenten  zeigten,  die  Kluft,  die  Scheidung  ab  eine  definitive. 

Fassen  wir  die  aus  diesen  umfassenden  Versuchen  bezUglich  der 
verfolgten  Fragen  sich  ergebenden  Tatsachen  kurz  zusanunen,  so 
ware  etwa  zu  sagen: 

Wir  haben  da  eine  ganze  Stufenleiter  der  inneren  Wahlverwandt- 
schaft,  der  physiologischen  Affinitat  zwischen  den  experimentell  con- 
trollierten  Artenpaaren  feststellen  konnen. 

Zunachst  fanden  wir  solche,  die  sich  wohl  zur  Kreuzimg  bringen 
lassen,  ohne  indess  irgend  wie  fahig  zu  sein,  Nachkommenschaft  mit 
einander  zu  zeugen. 

Weiter  zeigten  sich  Verwandtschaftsverhaltnisse,  denen  zwar  hybride 
Brut,  aber  anscheinend  keine  recht  lebensfahige  Brut  entsprang.  Es 
starb  dieselbe  stets  jung,  oder  doch  vor  Erreichung  der  halben  Grosse 
wieder  ab. 

Femer  ernierten  wir  dann  mancherlei  Stufen  einer  sich  mehr  und 
mehr  steigernden  physiologischen  Affinitat  zwischen  den  verschiedenen 
daraufhin  controllierten  Artenpaaren  —  bis  hinab 

schliesslich  zur  Erzeu^ng  von,  wenn  auch  nicht  in  hohem  Grade, 
so  doch  tatsachlich  in  sich  tortpflanzungsfahigen,  bruterzeugenden  Mbch- 
lingsformen.  Indess  es  war  diese  Brut  der  Blendlinge  niemab  soweit 
lebensfahig,  dass  eine  Aufzucht  derselben  moglich  gewesen  ware. 

Dass  Schlussresultat  einer  mehr  als  dreissigjahrigen  Arbeit  lautet 
mithin: 

Es  war  in  keinem  einzigen  Falle  moglich,  aus  der  Kreuzung  genuiner, 
der  Natur  direct  entnommener  Arten  eine  in  sich  irgendwie  erhaltungs- 
fahige  Mischlingsform  zu  erziehen. 
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Allein  damit  war  offenbar  die  vorliegende  Prage  nicht  bis  zu 
ihrem  Ende  durchgefiihrt.  Stellten  auch  alle  die  geziichteten  pri- 
maren  Bastarde  keine  in  sich  erhaltungsfahige  Formen  dar,  so 
waren  ja  vielleicht  mit  ihnen  durch  Paarungen  in  anderer  Richtung 
secundare  oder  tertiare  Hybriden  erreichbar,  welche  moglicher 
Weise  erdgeschichtlich  erhaltungsfahige  Formen  darstellten  ? 

Auch  in  dieser  Richtung  wurden  weitgehende,  vielfach  ausserst 
anstrengende  und  zeitraubende  Experimente  vorgenommen. 

Das  am  consequentesten  mit  Satvmia  spini,  Schiff.,  pavania  L., 
und  pyri,  Schiff.,  durchgefiihrte  Experiment  beanspruchte  allein 
14  *  Jahre  und  lieferte  sieben  verschiedene  sekundare  und  tertiare 
Hybridformen  (cf.  Photogr.,  Fig.  1-118). 

Allein  auch  bei  diesen  Experimenten,  mochten  nun  die  primaren 
oder  abgeleiteten  Hybriden  durch  sogenannte  Anpaarung  mit  ihren 
Grundarten : 

o  ^       .    /  pavonta  h.  S\  ^     (cf.  Gesammtb.,  Taf.  Ill,  Fig.  4,  5; 
^°'""'"*  \!pini  SchiS.  9)^        Photogr.,  Fig.  9-12). 
spini  Schiff.  9 

<:r,4..^.'n  /"pg^^^*  L.   (?  \        (cf.  Gesammtb.,  Taf.   Ill,  Fig.  6,  7, 
^^'''^'^  Wni  Schiff.  9)^        8;  Photogr.,  Fig.  27-43). 
pavonta  L.$ 

„  .       .     /pavonta  L.  ,J\        (cf.  Handb.,  Taf.  II,  Fig.  6,  7;  Ge- 
^'^""'*"  Vpm  Schiff.  ?;<J        sammtb.,   Taf.  Ill,    Fig.  1,  2.  3; 
gLniaL.  9  Photogr.,  Fig.  73-90). 

( fpavonia  L.  <?\  ^ 
Satumia  J  \mjri  Schiff.  9  7^  ^<^  (cf-  Gesammtb.,  Taf.  IV,  Fig.  4; 
1  ^Zvemia  L.  9        J         Photogr.,  Fig.  46^). 
pavonta  L.  9 

^  Die  Aufgabe  gestaltete  sich  darum  2u  einer  so  zeitraubenden,  well  die 
Puppen  dieser  Satumienarten,  zumal  die  der  Bastarde,  zwei,  drei,  ja  vier  Winter 
Qberzuliegen  pflegen,  bevor  sie  die  Falter  lief  em,  also  erst  dann  ftir  Zuchtzwecke 
Verwendung  finden  k6nnen.  Zudem  war  die  Sterblichkeit  der  abgeleiteten 
Bastardraupen  Qberwiegend  eine  ausserordentlich  groese,  ofifenbar  zusammen- 
h&ngend  mit  der  UnmOglichkeit  der  Herausgestaltimg  normaler  KeimdrUsen. 
Dabei  starben  die  Raupen  in  der  Kegel  erst  erwachsen  oder  doch  nahezu  er- 
wachsen  ab,  so  dass  fast  die  Mtihe  der  voUstftndigen  Aufzucht  zu  leisten  war. 

Die  anatomisch  xintersuchten  Individuen  der  abgestorbenen  Raupen  wiesen 
stets  eine  abnorme  oder  direct  monstrose  Gestaltung  der  Keimdrttsen  auf.  An 
den  bis  zur  Imaginalform  entwickelten  abgeleiteten  Bastarden  findet  dieser 
innere  abnorme  oder  monstr6se  Bau,  welcher  ebenfalls  mehrfach  in  seinen  Ein- 
zelheiten  durch  anatomische  Untersuchung  controlliert  wurde,  ftusserlich  seinen 
Ausdruck  in  einem  recht  verschiedenartig  auftretenden  gynandromorphen  Ge- 
pr&ge  (cf.  Exper.  Zool.  Stud.,  ss.  53-67,  u.  Taf.  V,  Fig.  6;  femer  Gesammtb., 
88.  19-24,  u.  Taf.  Ill,  Fig.  3  u.  8;  weiter  Photogr.,  Fig.  31-34  und  81-90.  Zu 
vei]^chen  ist  damit  auch  der  abgeleitete  Rassenmischling,  Photogr.,  Fig.  135). 
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„_      .    /pavoniah.  i\        (cf.  Handb.,  Taf.  IV,  Pig.  1-3;  Pho- 
^'^""'"'  WSchiff.  gj^        togr.,  Fig.  106-109). 
pyri  Schiff.  9 
curvatvla  Bkh.  j 
^  / curvatula  Bkh,  i\^ 

^"T^"^  [jalcatarmL.  9     j' 
curvatvla  Bkh.  <? 
DrepaTia  -^  f  curvatvla  Bkh.  (f  \ 
fcUcataria  L.     9    /  * 


falcataria  L.  9 
„  /anachoretaF,  <J\> 


curtvla  L.  9 

curivla  L.  ^ 
{  fanadwreta 


■  9  J 


Pygaera   ^  \curtvla  L. 
curtvla  L. 

„  ^curtvla  L.  (J       \  - 

Pygaera    ( ; ^r —  )  d 

^^  \anachoreta  F.  9  / 

anachoreta  F.  9 

^fcurtulah.j       \ 

\anachoreta  F.  9  / 


Pygaera 


anachoreta  F.  9 


U 


anachoreta  F.  9 


oder  mochten  primare  Hybriden  durch  Kreuzung  mit  einer  dritten 
Art: 

^  .     /pavonia  L.  ^  \  ^     (cf.Exper.  Zool.  St.,  ss.  50,  51,  Taf. 

^'^'''^'^  Uptni  Schiff.  9  J  ^       V,  Fig.  7-9;  Gesammtb.,  Taf.  IV, 

pjn  Schiff.  9  F^g-  1'  2;  Photogr.,  Fig.  110-117), 

combiniert  werden,  oder  mochten  endlich  abgeleitete  Bastarde  mit 
einander  gepaart  werden : 

Y pavonia  L.  <J  \  *")        (cf-  Gesammtb.,  Taf.  IV,  Fig. 
\spini  Schiff.  9  )      K       ^'  Photogr.,  Fig.  44,  45). 
Satumia    I    y>flt;ania  L.  9 


a 


^/ pavonia  L.  <J  \  -, 
\spini  Schiff.  9  / 
pavonia  L.  9 
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curvatvla  Bkh.  <J 


(cvrvcAvla  Bkh.  i\  ^ 
falcataria  L.  ?      / 
curvatvla  Bkh.  (? 


).} 


f  curvatvla  Bkh.  ^'^ 
\  falcataria  L.  ? 

niemals   gelang   es,  einen   in  sich  erhaltungsfahigen  Typus  zu  er- 
reichen. 

Auf  die  Spitze  getrieben  endeten  die  Experimente  stets  mit  einigen 
wenigen  Mannchen. 

Die  II.  Kategorie  der  Ziichtungs-Experimente,  mit  einem  bis- 
herigen  Verbrauch  von  etwas  iiber  12,000  Individuen,  welche  die 
Beziehungen  zwischen  den  versehiedenen  noch  im  Rahmen  der  Art 
stehenden  Fonnengruppen  zu  untersuchen  hatte,  wurde  in  drei 
Reihen  zerlegt: 

A.  Paarung  von  normaler  Form  mit  der  an  gleichem  Ort  und 
zu  gleicher  Zeit  auftretenden  fluctuierenden  Variation. 

B.  Paarung  von  normaler  Form  mit  der  an  gleichem  Ort  und 
gleichzeitig  sich  findenden  constanten  Variation  von  meist  charac- 
teristischem  Geprage;  im  allgemeinen  wohl  sich  deckend  mit  den 
durch  die  Arbeiten  von  De  Vries,  Correns,  Davenport,  Bateson,  Arn. 
Lang,  Tschermak,  etc.,  etc.,  und  die  wieder  aufgefundenen  Mendel- 
schen  Arbeiten  unter  dem  Namen  "Mutationen"  neuerdings  ganz 
allgemein  bekannt  gewordenen  Formen. 

C.  Paarung  von  Individuen  derselben  Art,  aber  von  versehie- 
denen Localitaten. 

Aus  Gruppe  A  wurden  bisher  durch  Zuchtexperiment  untersucht : 

1.  Eine  Paarung  von  Argynnis  lathonia  L.  Mannchen  normal, 
Weibchen  variierend  durch  starkes  Zusammenfliessen  derschwarzen 
Fleckenauf  der  Oberseite  der  Vorder-  und  Hinterflugel.  Beide 
stammten  von  Lissa  in  Schlesien.  Die  aus  dieser  Paarung  erzogenen 
89  Falter  waren  durchweg  vollkommen  normal. 

2.  Eine  Paarung  von  Epicnapiera  tremulifolia  Hb.  Mannchen 
normal,  Weibchen  mit  Ubermassig  kraftiger  Entwickelung  der  die 
Oberseite  der  Vorderfliigel  durchquerenden  Zackenlinien.  Die 
Falter  wurden  bei  Halle  a.  S.  im  Freien  in  Paarung  gefunden.  Die 
bis  zur  Imago  erzogenen  123  Individuen  zeigten  keinerlei  Andeu- 
tung  der  Variation  des  miitterlichen  Falters. 

3.-  Eine  Paarung  von  Agrotis  linogrisea  SchiflF.  Mannchen  mit 
brauner,  statt  gelber  Grundfarbe  der  Hinterflugel  und  einem  normalen 
Weibchen  der  Art.  Beide  Falter  waren  aus  Raupen  aus  der  Um- 
gegend  Berlins  erzogen  werden.  Resultat:  63  normale  Nach- 
kommen  und  2  Uebergange  zu  dem  variierenden  vaterlichen  Typus. 
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In  den  letzten  Jahren  gelangte  dann  weiter  DUina  tiliae  L.  mehr- 
fach  zur  Controlle.  Unter  dieser  Art  findet  sich  eine  fluctuierende 
Variation,  bei  welcher  die  dunkle  Mittelbinde  der  Vorderfliigel 
mehr  oder  weniger  erlischt,  oder  doch  reduciert  erscheint  (cf .  Photogr. 
Fig.  270,  273).  Diese  Variation  wurde  in  mannlieher  und  weiblicher 
Form  mit  der  Grundform  combiniert  und  auch  in  sich  zur  Paarung 
gebracht. 

Der  Befund  dieser  Zuchtungen  war  folgender : 

4.  Dilina  tiliae  L.  i  normal  gepaart  mit  9  variierend.  Brut: 
72  Falter,  alle  normal. 

5.  DU,  tiliae  L.  i  normal  gepaart  mit  9  variierend.  Brut :  65 
Falter,  alle  normal. 

6.  Dil,  tiliae  L.  ^  variierend  gepaart  mit  9  normal.  Brut:  69 
Falter,  davon  ein  9  schwach  abweichend. 

7.  DU,  tiliae  L.  <?  variierend  gepaart  mit  9  normal.  Brut :  52 
Falter,  ein  9  dem  mannlichen  variierenden  Typus  sehr  ahnlich,  die 
Ubrigen  normal. 

8.  Dil.  tiliae  L.  <J  variierend  gepaart  mit  9  in  gleichem  Sinne 
variierend.  Brut :  81  Falter,  davon  gehorten  ein  i  und  ein  9  einer 
Zwischenform  zwischen  der  variierenden  und  der  Grundform  an  und 
ein  Parchen  war  dem  elterlichen  variierenden  Typus  recht  ahnlich. 
Die  ubrigen  77  Falter  waren  normal. 

Die  Experimente  wurden  mit  den  durch  Zucht  erhaltenen  fluctu- 
ierenden  Varietaten  von  Dilina  tiliae  L.  noch  zwei  Jahre  lang  weiter- 
gefUhrt  und  dabei  eine  kleine  Zunahme  der  variierenden  Individuen, 
sowie  eine  Zunahme  des  Grades  der  Variabilitat  unter  der  erhaltenen 
Brut  constatiert.  (Eine  Reihe  der  bei  diesen  letzten  Experimen- 
ten  erhaltenen  Variationen  ist  in  Fig.  274-281  der  Photographien 
wiedergegeben.) 

Mit  Bezug  auf  die  uns  interessierende  Frage  ware  als  G^sammt- 
resultat  dieser  Experimentreihe  A  zu  sagen : 

Kein  einziges  dieser  zu  Gruppe  A  gehorenden  Zuchtexperimente 
lieferte  ein  Ergebnis,  welches  darauf  hindeutete,  dass  mit  dieser  fluctu- 
ierenden  Variation,  mit  diesem  abweichenden  Farbungs-  oder  Zeich- 
nungsgeprage,  ein  physiologisches  Divergentwerden  hinsichtlich  der 
Zeugung  mit  dem  Normaltypus  direct  verknUpft  ist^  oder  dass  dieses 
Geprage  doch  einen  ausseren  Index,  eine  constante  Begleiterscheinung 
fUr  ein  solches  Divergentwerden  darstellt.  Niemals  versagten  Eier  nach 
den  primaren  Paarungen  zwischen  Normalform  und  Variation,  niemals 
auch  erwies  sich  die  Nachkommenschaft  weniger  fruchtbar  als  die 
elterlichen  Formen. 

Auf  die  Gruppe  B,  welche  jetzt  als  "  Mutationen  "  ein  grosses 
actuelles  Interesse  gewonnen  haben,  stiess  ich  das  erste  Mai  bereits 
in  den  Jahren  1876-1878. 

Es  handelte  sich  damals  um  ein  Zuchtexperiment  mit  Boarmia 
repaiidata  L.,  welche  mit  ihrer  constanten  Variation  coiiversaria  Hb. 


Digitized  by 


Google 


HYBRIDATIONS-EXPERIMENTE  121 

gepaart  wurde  (cf.  Standfuss,  Handbuch,  s.  317,  und  Taf.  VIII, 
Fig.  3). 

Von  1885  ab  zog  ich  dann  auch  Brut  aus  der  Paarung  von  Ly- 
mantria  numacha  L.  und  var.  (ab.)  eremUa  O.  (cf.  Handbuch,  p. 
307-311  und  Taf.  IV,  Fig.  4),  sowie  aus  der  Paarung  von  Aglia  tau  L. 
mit  var.  (ab.)  lugena  Stdfs.  (cf.  Handbuch,  s.s.  311-313  und  Taf.  VIII, 
Fig.  4-7). 

Mit  der  Grattung  Aglia  wurden  die  Experimente  neun  Jahre 
nacheinand^r  (von  1885-1893)  durchgefUhrt. 

Die  Nachkommenschaft  zerfiel  bei  alien  drei  Arten  stets  scharf 
geschieden  wieder  in  die  Normalform  und  in  die  Mutation,  von  einem 
einmaligen,  eigenartigen  Ergebniss  bei  Lymaniria  monacha  L. 
abgesehen  (cf.  Handbuch,  s.s.  308). 

Die  von  vom  herein  hier  stets  sich  zeigende  reinliche  Scheidung 
zwischen  den  verschiedenen  Formen,  der  constant  sich  erhaltende 
Abstand  zwischen  Mutation  und  Normalform,  oder  Mutation  und 
Mutation  hat  De  Vries  und  seine  Schule  dazu  geflihrt,  in  diesen 
Mutationen  elementare  Arten,  oder  wie  wir  dafUr  wohl  auch  sagen 
konnen,  beginnende,  noch  unfertige  Arten  zu  sehen,  also  gerade  das, 
was  wir  suchen. 

Von  einer  Menge  anderer  Grlinde,  auf  die  jetzt  nicht  eingegangen 
warden  kann,  abgesehen,  muss  uns  eben  dieser  Umstand,  dass  die 
Mutationen  ein  ganz  anderes  Bild  der  Vererbung  aufweisen,  namlich 
ein  vollkommenes  Fehlen  von  Zwischenformen,  wahrend  Art  mit  Art 
gekreuzt  stets  Uebergangsserien  zwischen  den  zeugenden  Species, 
in  ihrer  morphologischen  Erscheinung  pendelnde  Formen  ergeben, 
daran  zweifeln  lassen,  dass  wir  in  den  Mutationen  tatsachlich  ele- 
mentare Arten  vor  uns  haben. 

Diese  zwischen  den  zeugenden  Grundarten  pendelnden  Zwischen- 
formen stellten  sich  auch  dann  stets  ab  ausschliessliches  Ergebnis 
ein,  wenn  sehr  nahe  verwandte  Arten  —  wie  Drepana  curvatvla  Bkh. 
mit  falccUaria  L.  oder  Pygaera  pigra  Hf n.  mit  curtvla  L.  —  mitein- 
ander  gekreuzt  wurden. 

Mit  grosstem  Nachdnicke  muss  auch  hier  ab  sehwerwiegendster 
Befund  der  Experimente  mit  Gruppe  B.  betont  werden:  dass  es  nie 
wahrend  der  langjahrigen  Beobachtung  moglich  gewesen  bt,  eine  physi- 
olo^sche  Divergenz  zwischen  Mutation  *  und  Normalform  bei  diesen 
Zuditexperimenten  zu  constatieren :   weder  versagten  jemab  Eier,  noch 

*  Auf  Grand  unserer  Untersuchungen  stellen  sich  die  Mutationen  als  Undu- 
lationen,  als  sprangweise  auftretende  Neubildungen  in  Rahmen  der  Art  dar. 
Sie  bedeuten  in  einigen  F&llen  nachweislich  das  sprungweise  Auftreten  eines  aus- 
gezeichneten  Schutzkleides ;  so  z.  B.  bei  ab.  douoledayaria  Mill,  von  Amphidasis 
behdarius  L.  und  bei  ab.  eremita  O.  von  Lymaniria  (Psilura)  monacha  L. ;  welche 
sich  erfahrungsgemftss  schnell  verbreitet  haben  und  an  gewissen  Localit&ten 
bereits  zur  herrschenden  Form  geworden  sind  (cf.  Standfuss:  Die  Beziehungen 
zwischen  Fftrbung  und  Lebensgewohnheit,  etc.  in  der  Vierteljahrssch.  d.  natur- 
forsch.  Gesellsch.  i.  Ztkrich,  1894,  Separatum,  s.s.  34  u.  35). 
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erwies  sich  die  Brut  weniger  fortpflanzungsfabig  als  die  zeugenden 
Typen. 

Grerade  jetzt  ist  es  mir  endlich  gelungen,^  ein  neues,  die  Mutation 
betreflfendes  Experiment  einzuleiten.  Es  wurden  zwei  scharf  ge- 
pragte  Mutationen  von  Aglia  tau  L.,  namlich  var.  (  ab.)  lugens  Stdfs. 
und  var.  (ab.)  melaina  Gross,  mit  einander  gepaart,  um  zu  control- 
lieren,  ob  etwa  in  diesem  speciellen  Falle  der  Beginn  einer  physiolo- 
gischen  Divergenz  beobachtet  werden  konnte. 

Die  noch  zu  priifende  Gruppe  C  begriflF  die  Localrassen. 

Im  Laufe  der  Jahre  wurde  eine  grosse  Menge  Brut  aus  Paarungen 
zwischen  mannlichen  und  weiblichen  Individuen,  welche  zwar  der- 
selben  Art  angehorten,  aber  von  getrennten,  teilweise  von  weit  ge- 
trennten  Oertlichkeiten  stammten,  erzogen.     So : 

Dilina  tUiae  h.  S  $  von  Zurich  —  9  9  von  Wien,  Breslau,  Berlin. 

Satumia  pavonia  L.  <J  c?  von  Zuricli  —  9  9  von  Zara  (Dalma- 
tien),  Monterotondo  (Bern),  Neapel. 

Epicnaptera  ilicifolia  L.  i  von  Bolkenhein  (Schlesien),  —  9  von 
Riga,  etc.  etc.,  etc. 

Stets  wiesen  diese  Localrassen  bei  den  betreflFenden  Arten  etwelche 
morphologische  Unterschiede  auf.  Die  erhaltenen  Mischlingsbniten 
bildeten  regelmassig  eine  individuell  zwischen  jenen  Ursprungsrassen 
pendelnde  Zwischenserie. 

Eine  physiologische  Divergenz,  welche  bei  der  Zeugung  zum 
Austrag  gekommen  ware,  zeigte  sich  in  alien  diesen  Fallen  nicht. 
Das  negative  Resultat  fiel  stets  mit  dem  Mangel  an  stark  ausge- 
sprochenen  korperlichen  Unterschieden  zwischen  den  Individuen 
von  verschiedener  geographischer  Herkunf  t  zusammen. 

Zwei  Falle,  bei  denen  nun  grade  auch  deutliche  korperliche  Un- 
terschiede vorUegen,  ergaben  ein  wesentlich  anderes  Resultat. 

Es  handelte  sich  um  Localrassen  von  zwei  Arten  aus  der  Familie 
der  Arctiiden,  namlich  um  SpUosoma  rustica  Hb.  (Bergell,  Calabrien, 
Rumaenien,  etc.),  und  ihrer  Localrasse  Spilos.  rustica  var.  men- 
dica  CI.  (Nordhang  der  Alpen,  Frankreich,  Deutschland,  etc.),  und 
um  Callimorpha  domintda  L.  (Nordhang  der  Alpen,  Frankreich, 
Deutschland,  etc.,  und  ihre  Locabasse  CaUim,  dominvla  var.  persona 
Hb.  (Toscana,  Calabrien).  Wir  miissen  hier  hervorheben,  dass  die 
Fluggebiete  der  genannten  Locahassen  beider  Arctiiden-Arten  in 
einer  Weise  durch  Landstrecken  oder  Gebirgsziige  getrennt  sind,  dass 

*  Aglia  tau  var.  (ab.)  melaina  Gross  findet  sich  an  eng  umschriebener  Stelle 
in  der  Umgegend  von  Steyr  in  Oberdsterreich.  Es  wurde  mein  Assistent  mit  80 
weiblichen  Puppen  von  Aglia  tau  L.  und  40  weiblichen  Puppen  aus  der  Kreuzung 

von  Aalia  ; '  ,  .. — -  herrUhrend,  die  im  Friihiahre  1906  von  mir  hier 

"       var.  lugens  Stdfs.  $ 
in  Zurich  gezUchtet  worden  waren,  vom  8-13  Mai,  1907,  nach  Steyr  geschickt. 
Dort  ist  es  gegltlckt,  cf  cf  von  Aglia  tau  var.  (ab.)  melaiiia  Gross  aus  aer  freien 
Natur  sowom  mit  normalen  Aglia  tau  L.  9  9  als  mit  Aglia  tau  var.  (ab.)  lugena 
Stdfs.  9  9  (aus  den  mitgebrachten  Puppen)  zur  Paarung  zu  bringen. 
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eine  Paarung  der  Rassen  bin  und  her  ausserordentlich  erschwert  oder 
unmoglich  ist. 

Beide  Rassenkreuzungen  wiesen  nur  die  Anfange  einer  Divergenz 
auf.    Diese  Differenzierung  ausserte  sich  darin,  dass: 

1.  Die  nach  der  Kreuzung  abgelegten  Eier  in  gewissen  Fallen 
nicht  durchweg  Raupehen  ergaben. 

2.  In  einem,  aber  nicht  erheblichen,  Zuriickbleiben  des  Eier- 
schatzes  der  weiblichen  Rassenmischlinge  hinter  dem  normalen 
Eierquantum  der  Grundrassen. 

3.  Teilweise  auch  in  einer  sicher  nachweisbaren  Divergenz  des 
Duftes,  den  die  weiblichen  Individuen  zum  Anlocken  ihrer  Mann- 
chen  ausstromen  (cf.  Handbuch,  s.s.  220-226  und  Taf.  IV,  Fig.  6-13; 
Taf.  V,  Fig.  1-15). 

So  gait  es  denn,  weitere  Etappen  fUr  die  gesuchte  beginnende 
Divergenz,  welche  dem  Ergebniss  zwischen  distincten,  wenn  auch 
eng  blutsverwandten  Arten  noch  naher  kommen,  zu  ermitteln. 

Da  diese  Zucht-Experimente  sehr  viel  Material  und  sehr  viel  Zeit 
beanspruchen,  zumal  auch  wochenlang  nacheinander  zum  grossten 
Teil  durchwachte  Nachte,  denn  es  eignen  sich  am  besten  die  meist 
kurzlebigen  Nachtf alter  dafUr,  so  drangte  sich  der  Gedanke  auf: 
giebt  es  nicht  vielleicht  noch  einen  anderen  Weg,  dieser  beginnenden 
specifischen  Scheidung  nachzuspiiren  ? 

Schon  1844  hatte  L^n  Dufour  nachgewiesen,  dass  die  mann- 
lichen  Paarungsorgane  bei  den  Insecten  von  Art  zu  Art  sichtliche 
Verschiedenheiten  aufweisen,  wahrend  sie  andererseits  im  Rahmen 
der  Art  in  hohem  Grade  constant  sind. 

Auch  diese  Unterschiede  miissen  offenbar,  wenn  die  Entwicke- 
lungslehre  Recht  hat,  etwas  G^wordenes  sein.  Es  ergiebt  sich  daher 
mit  logischer  Notwendigkeit,  dass  auch  die  Anfange  dieses  morpholo- 
gischen  Verschiedenwerdens  auffindbar  sein  miissen  (cf.  Handbuch, 
S.S.  333  und  f.). 

1888  und  die  folgenden  Jahre  wurden  von  mir  umfassende  ^  der- 
artige  Untersuchungen  vorgenommen  (cf .  Corresp.  Blatt  d.  ent.  Vereins 
Iris,  Dresden,  1888,  p.  211-219),  welche  dann  in  den  letzten  vier 
Jahren  mein  Assistent  W.  Ropke  fleissig  fortsetzte. 

Der  Gresammtbefund  dieser  Untersuchungen  war  der:  weder  bei 
fluctuierenden,  noch  bei  constanten  Varietaten,  also  bei  Mutationen, 
konnten  auch  nur  die  geringsten  Unterschiede  im  Bau  der  Begat- 
tungsorgane  gegeniiber  der  Normalform  nachgewiesen  werden.  Hin- 
gegen  zeigten  die  genannten  Locabassen  aus  den  Gattungen  Spilo- 
soma  und  Callimorpha  zwar  kleine,  nicht  erhebliche,  aber  doch 
kenntliche  Unterschiede  darin. 

Besonders  deutlich  fielen  solche  Unterschiede  in  dieAugen 
zwischen  den  betreffenden  Organen  des  Smerinthus  populi  L.  (im 

*  Es  liegen  ^egen  300  dergleichen  Praeparate  vor,  untereucht  aber  wurden 
aber  1500  venchieaene  Arten,  Localformen  und  Variet&tea 
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gesammten  Europa  verbreitet,  mit  Ausnahme  von  Griechenland  und 
des  hochsten  Nordens)  und  des  Smer.  popvli  var.  austavti  Stgr. 
(eine  Riesenrasse  von  Marocco,  Algier  (Meridja,  etc.). 

Das  im  Jahre  1905  mit  Opfern  erreichte  Zuchtmaterial  dieser 
nordafrikanischen  Rasse  ging  leider  durch  Unbill  der  Witterung  und 
dadurch  beglinstigte  Infections-Krankheiten  zu  Grunde. 

Es  gelang  im  Jahre  1906,  neues,  lebendes  Material  von  dieser 
Loealform  zu  beschaffen  und  damit  das  Experiment  einzuleiten. 
Die  Versuche  sind  noch  nicht  zum  Abschlusse  gebracht,  indess  schon 
die  bisherigen  Ergebnisse  gehoren  zu  den  bemerkenswertesten, 
welche  bei  diesen  langjahrigen  Untersuchungen  zu  Tage  gefordert 
wurden. 

Es  wurde  sowohl  1,  Smerinthm  popvli  L.  <?  mit  Smer.  popvli  var. 
avMavti  Stgr.  9 ,  ab  auch  umgekehrt  2,  Smer.  popvli  var.  austavti 
Stgr.  $  mit  Smer.  popvli  L.  9  in  einer  Anzahl  Falle  zur  Paarung 
gebracht. 

Die  Rassenkreuzung  1  war  leichter  ab  die  Kreuzung  %  zu 
erreichen. 

Von  den  nach  der  Paarung  1  abgelegten  Eiem  schlUpfte  ein 
hoherer  Procentsatz  aus  als  von  den  Eiern  aus  der  Paarung  2.  Da 
Smer.  popvli  L.  aus  Griinden,  die  hier  nicht  erortert  werden  konnen, 
ein  urspriinglicher,  ein  erdgeschichtlich  alterer  Typus  sein  dlirfte 
ab  Smer.  popvli  var.  avstavti  Stgr.,  so  entsprechen  diese  Tatsachen 
volbtandig  den  bei  den  Artkreuzungen  zwischen  Drepana  curvatvla 
Bkh.  <?  und  Drepana  falcalaria  L.  9  und  umgekehrt  —  wie  zwischen 
Pygaera  pigra  Hfn.  6  und  Pyg.  cvrtvla  L.  9  und  umgekehrt  beo- 
bachteten  Ergebnissen.  Das  Mannchen  der  erdgeschichtlich  alteren 
Drepana  curvatvla  paarte  sich  leichter  und  zeugte  mehr  Brut  mit 
dem  Weibchen  der  erdgeschichtlich  jUngeren  Drepana  falcataria 
ab  das  Mannchen  der  letzteren  Art  mit  dem  Weibchen  der  ersteren, 
und  ebenso  verhielt  sich  Pygaera  pigra  gegenliber  curtvla. 

Die  Imagines  aus  Rassenkreuzung  1  und  2  pendeln  zwischen 
den  beiden  Ursprungsrassen,  stehen  aber  Uberwiegend  der  erd- 
geschichtlich alteren,  Smerinthv^a  popvli  L.,  nilher  (cf.  Photogr. 
Fig.  119-134  und  Fig.  136-158).  Ein  Gleiches  hatten  wir  von  den 
Artbastarden  zu  constatieren. 

Beide  Rassenmischlinge  zeigen  zwischen  der  mannlichen  und  der 
weiblichen  Individuenzahl  ziemlich  genau  das  normale  procentuale 
Verhaltniss. 

Die  bisher  aus  Rassenkreuzung  1  erschienenen  Falter  weisen  in 
den  weiblichen  Individuen  alle  moglichen  Stufen  der  Fruchtbar- 
keit  auf. 

Der  grossere  Teil  der  Weibchen  besitzt  einen  Eierschatz,  welcher 
wenig  hinter  dem  normaler  Individuen  der  beiden  Grundarten  zu- 
rlicksteht  und  die  Ueberzahl  der  Eier  bt  normal  und  entwicke- 
lungsfahig. 
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Welter  finden  sich  weibliche  Exemplare,  welche  trotz  regularer 
Imaginalgrosse  in  ihrer  Eiermenge  hinter  der  nonnalen  mehr  oder 
weniger  zuriickbleiben.  Bei  diesen  Individuen  finden  sich  in  der 
Regel  zwischen  den  nonnalen,  entwickelungsfahigen  Eiem  zahlreiche 
kleinere,  in  sehr  verschiedenem  Grade  verkiimmerte  eingeschaltet. 

Noch  starker  entfemen  sich  von  dem  nonnalen  Typus  der  Grund- 
rassen  die  Weibchen,  welche  ausschliesslich  kleine,  missgebildete, 
nicht  entwickelungsfahige  Eier  in  ihren  Ovarien  enthalten. 

Bei  den  extremsten  Fonnen  schliesslich,  die  aber  ebenso  wenig 
ausserlich  sichtKche  VerkUmmerung  zeigen,  erweist  sich  das  Ovarium 
als  vollkommen  leer.  Die  mannlichen  Individuen  dieser  Rassen- 
kreuzung  1  zeigen  in  ihren  Hoden  teils  einen  nonnalen  Bau,  teib 
auch  Verkiinimerungen  und  bisweilen  Modificationen,  wie  sie  sonst 
echten  aus  der  Kreuzung  distincter  Arten  hervorgegangenen  Bastard- 
mannchen  eigen  sind.  Der  Hoden  bleibt  namlich  auf  dem  larvalen 
Entwickelungsstadium  stehen. 

Die  aus  Rassenkreuzung  2  erzogenen  Bruten  verharren  liber- 
wiegend  noch  im  Puppenstadium.  Die  bereits  erschienenen  mann- 
lichen und  weiblichen  Falter  sind  in  ihren  Keimdriisen  ebenso  ver- 
schiedenartig  gestaltet  wie  die  Falter  der  Mischlinge  1,  aber  der 
Procentsatz  an  Individuen,  welche  in  den  besprochenen  Richtungen 
verkiimmert  sind,  ist  hier  ein  etwas  hoherer. 

Es  wurde  nun  weiter  A  i  und  9  von  Rassenmischling  1  mit- 
einander  gepaart  und  ebenso  B  S  und  9  von  RassenmischUng  2, 
femer  auch  C\  i  mit  2  9 ,  und  umgekehrt  D  2  (f  mit  1  9 . 

Die  aus  diesen  Paarungen  sich  entwickelnde  Brut  schwankte 
zwischen  41-83  %  verglichen  mit  der  abgelegten  Eiermenge. 

Die  Aufzucht  der  Kreuzungen  C  und  D  gliickte  niemals,  die 
Raupen  starben  meist  sehr  klein  schon  ab,  wenige  wuchsen  weiter 
heran,  kerne  einzige  reif te  bis  zum  Puppenstadium  heran.  Von  den  aus 
den  Kreuzungen  A  und  B  erzielten  Bruten  gelangten  nur  4  bis  hoch- 
stens  14  %  der  betreffenden  Raupenserien  bis  zum  Puppenstadium. 

Keine  dieser  Puppen  erreicht  Grosse  und  G^wicht  der  elterlichen 
Form.  Nur  einzelne  kommen  etwa  an  die  Grosse  genuiner  Smer. 
popw/i-Puppen  heran.  Die  Ueberzahl  ist  bei  vollkommen  regularer 
Gestaltung  klein  und  in  hohem  Grade  verkiunmert  von  1,20&- 
1,693  Grm.  Gewicht. 

Normale  Dilina  tiliae  L.-Puppen  wiegen  1,381-1,621  Grm.  Sie 
bleiben  also  teilweise  noch  etwas  hinter  dem  Gewicht  dieser  kleinsten 
mitteleuropaeischen  vefwandten  Schwarmerform  zuriick. 

Von  Kienzung  A  ist  vor  wenigen  Tagen  der  erste  Falter  ausge- 
schlupft,  den  die  Photographieen  in  Fig.  135  wiedergeben;  es  ist  ein 
ausgesprochen  gynandromorphes  Individuum,  wie  sich  solche  unter 
abgeleiteten  Bastarden,  welche  aus  der  Kreuzung  genuiner  Arten 
hervorgingen,  ofter  zeigen  (cf.  Photogr.  Fig.  81-90). 

Wir  constatieren  mithin,  dass  die  im  Vorhergehenden  unter  1-4 


Digitized  by 


Google 


126      VII.  INTERNATIONAL  ZOOLOGICAL  CONGRESS 

als  Ergebniss  der  Artkreuzung  festgestellten  Befunde  ihrem  Wesen 
nach  vollkommen  gleichartig  sind  den  ebenso  bereits  genannten 
Befunden  bei  unseren  Rassenkreuzungen. 

Unter  Punkt  5  wird  vorher  dann  weiter  bezUglich  der  Artbastarde 
gesagt: 

"In  den  nach  der  Paarung  (der  Artbastarde  in  sich)  abgelcgten 
Eiem  entwickelte  sich  meist  eine  ziemliche  Anzahl  Brut,  in  den  ^nstigs- 
ten  Fallen  schlupften  indess  nur  5-11  %  Raupchen  aus.  Eme  Auf- 
zucht  derselben  glUckte  in  keinem  einzigen  Falle." 

Hier  bei  unseren  Rassenmischlingen  haben  wir  jenem  Punkt  5 
entsprechend  zu  sagen: 

Die  Eier  von  den  in  sich  copulierten  beiden  Rassenmischlingen 
lieferte  41-83  %  Raupen.  Von  diesen  Raupen  starb  indess  wahrend 
des  Heranwachsens  weitaus  die  Ueberzahl  anscheinend  aus  Mangel 
an  Lebensenergie  ab  und  von  den  bis  zur  Puppe  gelangten  4-14  % 
sind  die  meisten  bb  zu  zwerghaften  Dimensionen  verkiimmert. 

Hier  in  Punkt  5  liegen  also  die  einzigen  namhaften  Unterschiede 
zwischen  den  genannten  Artbastarden  auf  der  einen  und  den  in  Frage 
kommenden  Rassenmischlingen  auf  der  andern  Seite  vor. 

Erstens  ist  der  Procentsatz  an  Brut  von  den  in  sich  gepaarten 
MischUngen  ein  hoherer  als  von  den  in  sich  gepaarten  Bastarden. 

Zweitens  stirbt  die  Brut  der  letzteren  sehr  bald  ab,  wahrend  von 
der  Brut  der  Rassenmischlinge  ein  bescheidener  Procentsatz  bis  zum 
Puppenstadium  sich  entwickelte,  indess  uberwiegend  in  stark  ver- 
kiimmerter  Form. 

Wie  es  mit  den  aus  diesen  Puppen  ausschlupfenden  *  Faltem  be- 
stellt  ist,  muss  erst  noch  ermittelt  werden. 

Somit  bt  als  Gesammtbefund  dieses  neuesten  Rassenkreuzungs- 
Experimentes  zu  constatieren :  das  Ergebniss  dieses  Experimentes 
ist  entweder  dem  Befunde  jener  oft  genannten  Artkreuzungen  gleich- 
wertig,  oder  es  unterscheidet  sich  doch  nur  graduell,  quantitativ  von 
jenen  Resultaten. 

Weitere,  tiefere  Sprossen  der  Stufenleiter,  aber  in  ziemlichem 
Abstande  von  der  Sprosse,  auf  welcher  diese  Smerinthus-Rassen 

'  Es  ist  schon  vorher  mitgeteilt,  dass  aus  der  Kreuzung  von: 


fpoptdi  L.  <f \<i 

ypopuli  var.  ausUiuti  Stgr.  9  / 


fpoptdi  L.  <f 


/poptUi 
\popvli 


var.  aiLstauH  Stgr.  9/9 


bereits  ein  eigenartiger  Falter  ausschlOpfte,   welchen  die  Photographieen  in 
Fig.  135  von  der  Oberseite  wiedei^ben. 

In  den  letzten  beiden  Nftchten  vom  12. /13.  VI,  u.  13. 714.  VI,  1907  schlQpften 
noch  zwei  weitere  Falter  aus  der  deichen  Paarung  aus.  Es  handelt  sich  in  cuesen 
um  sehr  kleine,  ausserlich  durcnaus  normal  gestaltete  weibliche  Individuen, 
deren  Ovarien  klein,  verkQnunert  und  absolut  leer  sind. 
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stehen,   nehmen  die   genannten    beiden   Arctiiden   Paare   aus  den 
Gattungen  Spilosoma  und  Callimorpha  ein. 
Wir  kommen  zum  Schluss: 

1.  Die  untersuchten  Etappen  der  Differenzierung  von  Individuengruppen 
eewisser  Species  im  Sinne  der  Herausgestaltung  zu  gesonderten  Arten  zeigen, 
aas8  diese  Divereenzen  ganz  ailmfthlich  erfolgeo. 

2.  Diese  Differenzierung  kann  der  Hauptsache  nach  nur  in  bestimmten, 
den  feinsten  inneren  Bau  der  Keimzellen  betreffenden  Modificationen  beruhen. 

3.  Die  innere  Constitution  dieses  Modifications-Processes  entzieht  sich  bisher 
unserer  Erkenntniss. 

4.  Die  abnonnen  Erscheinungen  bei  der  Zeugung  und  bei  der  Entwickelung  * 
der  Brut  gekreuzter,  in  Diveigenz  begriffener  Individuengruppen  sind  lediglich 
eine  Folge  jener  Modificationen. 

5.  Hand  in  Hand  mit  diesem  feinen  UmgestaltungsDrocess  in  den  Keim- 
zellen gehen  gr6bere  morphologische  Ver&nderungen  im  Baue  der  KeimdrOsen 
und  mrer  Appendices,  als  greifbarster  Index:  Unterschiede  der  ftusseren 
Begattun^sor^ne. 

6.  Diese  Differenzieningen  konnten  bisher  nur  zwischen  climatischen  Vari- 
et&ten  im  Rahmen  gewisser  Arten  beobachtet  werden  und  zwar  bisher  nur  bei 
solchen  climatischen  Rassen,  deren  Fluggebiete  durch  natClrliche  Barriiren: 
Gebirge,  Meer,  etc.,  geschieden  sind. 

ZOrich,  Juni,  1906. 

'  M&nnliche,  wie  weibliche  KeimdrOsen  von  Artbastarden  aus  der  Gattun^ 
Smerinthus  sind  1906  und  1907  von  meinem  Assistenten  W.  Rdpke  eingehend 
macro-  und  microscopisch  untersucht  worden.  Die  Arbeit  wird  denm&chst 
erscheinen. 
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SECTION  I.    ANIMAL  BEHAVIOR 

THE    IMPORTANCE    OF    COMPARATIVE    PSYCHOLOGY 
IN  THE  STUDY  OF  ORGANIC  EVOLUTION 

L.  T.  HOBHOUSE 

CoBiPAHATiVE  Psychology  is  to  the  science  of  the  mind  much 
what  Comparative  Morphology  is  in  the  science  of  organized  beings. 
Just  as  the  morphologist  examines,  describes  and  classifies  the  multi- 
farious forms  assmned  by  a  given  physical  type,  so  the  comparative 
psychologist  in  his  mental  morphology  seeks  to  examine,  describe  and 
classify  the  manifold  expressions  of  mental  activity.  And  just  as  the 
morphologist  finds  a  deeper  significance  for  his  classificatory  arrange- 
ments in  the  genetic  connections  to  which  they  point,  so  also  the 
student  of  mind  seeks  for  a  principle  of  growth  whereby  he  may 
connect  the  forms  which  he  distinguishes.  The  supreme  aim  of 
Comparative  Psychology  in  short  is  to  trace  the  evolution  of  mind, 
just  as  the  supreme  aim  of  the  biological  sciences  for  the  last  half 
century  has  been  to  trace  the  evolution  of  organic  forms,  and  as  the 
workings  of  mind  and  body  are  at  every  point  intimately  related  it  is 
clear  that  in  the  end  these  two  branches  of  investigation  cannot 
remain  wholly  dissevered. 

Of  the  importance  of  Comparative  Psychology  to  the  philosophy 
of  Evolution  I  have  not  time  to  discuss  here.  But  it  has  also  a  bear- 
ing on  the  study  of  organic  life  for  its  own  sake,  on  the  science  of 
evolution  however  innocent  it  be  of  any  philosophy.  For  in  the  first 
place,  as  soon  as  intelligence  becomes  a  factor  in  organic  behavior 
the  study  of  structure  and  functions  is  not  complete  without  the 
study  of  intelligence.  The  whole  field  of  animal  behavior  teems  with 
complicated  questions  for  psychology.  Consider  for  example  the 
relations  between  reflex  action  and  instinct  and  the  question  whether 
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instinct  should  be  regarded  as  a  more  complicated  form  of  reflex 
activity  or  as  distinct  in  kind  rather  than  in  .degree.  Consider  on 
the  other  side  the  relation  of  instinct  and  intelligence,  the  nmnerous 
instances  of  the  modification  of  hereditary  modes  and  behavior  by 
experience,  the  effects  of  experience  in  perfecting,  correcting  or  even 
reversing  the  original  impulses  of  an  animal.  Consider  the  bearing 
which  a  correct  analysis  and  a  just  apportionment  of  the  springs  of 
behavior  as  between  what  is  inherited  and  what  is  acquired  must 
have  upon  oiu*  views  of  the  processes  by  which  instinct  is  generated. 
From  these  few  illustrations  which  spring  up  in  the  mind  as  one 
writes  it  is  easy  to  see  the  value  which.  Comparative  Psychology  if 
adequately  developed  might  have  for  the  biological  view  of  evolution. 

There  are  moreover  certain  special  points  upon  which  I  would 
lay  stress.  The  object  of  the  evolutionist  is  to  establish  continuity, 
and  wherever  he  finds  gaps  separating  his  phenomena,  there  for  the 
moment  his  method  is  arrested.  Now  in  the  study  of  living  organisms 
there  are  on  the  face  of  the  facts  three  such  gaps  which  have  always 
given  pause  to  the  behevers  in  continuous  development.  These  are 
the  apparent  gaps  between  the  Inanimate  and  the  Animate,  between 
the  Unconscious  and  the  Conscious,  and  between  the  conscious 
animal  and  the  self-conscious  personality  of  man.  The  first  of  these 
does  not  perhaps  fall  within  the  province  of  Comparative  Psychology, 
but  the  second  and  the  third  are  within  its  sphere  of  influence,  and  if 
it  can  do  anything  to  bridge  them  over  it  will  clearly  be  doing  a 
service  to  the  theory  of  Evolution. 

What  then  has  Comparative  Psychology  to  say  upon  this  point? 
To  begin  with  —  it  has  something  to  say  about  the  method  of  ap- 
proaching the  question.  If  we  take  a  conception  like  that  of  con- 
sciousness and  seek  to  know  what  it  is,  so  to  say,  in  itself,  or  how  such 
a  thing  can  arise  out  of  something  completely  different,  we  find  our- 
selves in  an  impasse.  But  that  impasse  is  not  peculiar  to  the  present 
case.  It  occurs  wherever  we  have  to  acknowledge  a  close  connection 
between  things  that  are  disparate  in  nature. 

The  solution  of  such  difficulties,  if  solution  there  be,  must  remain 
a  problem  for  philosophy.  But  for  science,  and  especially  for  the 
science  of  development,  there  remains  another  road  of  approach. 
Two  things  which  are  very  different  may  yet  imder  some  sp)ecial 
aspect  be  reducible  to  a  common  denominator,  and  by  measuring 
out  their  differences  along  such  a  denominator  the  relation  between 
them  becomes  defined.  This  principle  is  applicable  to  every  stage  in 
the  growth  of  conscious  intelligence.  In  tracing  this  growth  we 
encounter  more  than  one  change  which  may  fairly  be  said  to  introduce 
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a  difference  in  kind,  and  yet  all  the  differences  are  reducible  to  a 
common  denominator.  The  generic  fmiction  of  conscious  intelligence 
is  to  integrate.  It  brings  the  diverse  elements  of  past  experience  to  a 
focus,  and  gives  them  a  bearing  upon  present  action,  and  thereby  on 
the  future  history  of  the  organism.  In  the  forecast  of  the  future  based 
on  knowledge  of  the  past,  the  experiences,  otherwise  scattered,  of 
different  periods  and  phases  of  life,  are  brought  together  to  form  an 
intelligible  and  connected  whole.  This  integration  is  nowhere  perfect, 
but  in  the  lowest  manifestations  of  intelligence  it  is  exceedingly 
rudimentary.  To  trace  the  successive  stages  of  its  growth  from  its 
first  emergence  onwards  is  not  indeed  to  know  what  consciousness  is 
"in  itself"  —  what  it  is  for  each  conscious  organism  —  but  it  is  to 
measure  the  development  of  consciousness  in  scope  and  power  by 
an  index  applicable  all  along  the  line  and  thereby  to  render  possible 
systematic  comparison  and,  in  a  sense,  measurement. 

Applying  this  standard  of  comparison  we  find  that  conscious 
intdligence  as  a  function  of  unity  undergoes  through  its  continuous 
process  of  growth  more  than  one  change  which,  if  it  took  place  at  a 
blow,  we  should  be  inclined  to  call  a  change  of  kind.  The  emergence 
of  the  rational  self-consciousness  which  is  taken  to  differentiate  the 
human  from  the  animal  mind  is  one  of  these  changes,  but  there  are, 
at  least  in  the  judgment  of  the  present  writer,  other  changes  of  at 
least  equal  value  occurring  within  the  scale  of  animal  development, 
and  again  at  a  later  stage  within  the  process  of  human  history.  More- 
over for  Comparative  Psychology  such  conceptions  as  Self-conscious- 
ness or  as  Reason  are  not  beyond  the  reach  of  Analysis.  They  are 
resolvable  into,  certain  factors  —  at  bottom  certain  complex  methods 
of  the  organization  of  experience  —  which  are  readily  conceivable 
as  the  development  of  psychological  and  social  forces  already  at 
work  in  the  animal  world.  We  do  not  know  with  certainty  the 
details  of  the  actual  development,  because  we  have  no  records  of  the 
life  of  the  earliest  men,  and  in  particular  we  have  no  distinct  means 
of  knowing  the  first  stage  in  the  formation  of  language,  which  is 
probably  the  most  important  factor  in  the  whole  transition.  But 
so  far  as  these  gaps  in  our  information  go  we  are  in  no  worse  a  posi- 
tion than  the  morphologist  when  confronted  with  a  gap  in  the  geo- 
logical record.  If  the  zoologist  can  prove  the  descent  of  man  from 
the  animal.  Comparative  Psychology  can  show  that  the  mental 
difference  which  separates  man  from  the  brute,  though  great  enough 
to  be  justly  regarded  as  establishing  a  change  of  kind,  yet  involves 
no  mysterious  and  exampled  leap  on  the  part  of  nature,  but  is  trace- 
able to  the  simultaneous  growth  and  combined  operation  of  factors, 
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all  of  which  may  be  recognized  as  already  in  operation  in  the  lower 
stage. 

If  the  transition  from  the  conscious  to  the  self-consdons  can  be 
explained  in  terms  of  a  continuous  development,  can  the  same  be  said 
of  the  genesis  of  consciousness  itself?  If  the  question  is  to  be  ap- 
proached at  all  with  any  hope  of  fruitful  results,  it  must  be  by  adher- 
ing very  rigidly  to  the  comparatively  narrow  meaning  which  we  have 
given  to  it.  We  must  sacrifice  the  attempt  to  grasp  the  whole  nature 
of  consciousness  for  the  sake  of  formulating  so  much  of  its  behavior 
as  is  susceptible  of  exact  and  comparable  observation.  We  may 
debate  forever  whether  a  given  organism  of  low  order  possesses  a 
consciousness  like  ours,  because  we  cannot  see  inside  it.  But  we  can 
see  how  it  acts,  and  on  the  analogy  of  the  actions  that  are  undoubtedly 
accompanied  —  I  would  say  determined  —  by  consciousness  we  can 
class  certain  acts  as  conscious,  others  as  unconscious,  and  we  can  at 
least  hope  to  see  where  precisely  the  difference  comes  in  and  whether 
any  transition  can  be  suggested  whereby  it  could  be  bridged. 

Now  consciousness  is  generally  held  to  be  shown  in  the  capacity  to 
learn  by  experience.  When,  for  instance,  one  of  Principal  Lloyd 
Morgan's  newly  hatched  chicks  learns  after  one  or  two  trials  to  refrain 
from  pecking  at  a  piece  of  bitter  orange  peel,  ito  behavior  is  so  clearly 
in  line  with  what  is  afterwards  known  as  inference,  that  we  have  no 
reason  to  deny  it  the  name  of  intelligence,  though  it  is  intelligence 
at  a  very  low  stage.  The  point  here  is  not  merely  that  the  creature's 
behavior  is  modified  by  experience,  but  that  the  modification  is  of 
the  inferential  type.  It  is  just  what  it  would  have  been  in  the  case 
of  a  human  being  able  to  formulate  as  the  result  of  his  experience 
the  generalization  "orange  peel  is  bitter."  We  may  speak  of  any 
modification  as  being  of  the  inferential  type  when  it  is  capable  of 
being  formulated  in  such  terms  as  these,  although  we  do  not  suppose 
that  the  organism  which  imdergoes  the  modification  is  capable  of 
so  formulating  it.  In  the  simplest  modification  of  this  type,  as  in  the 
case  quoted,  it  is  natiu^l  to  conceive  the  process  roughly  as  follows: 
We  have  first  a  sense  perception  (e,  g.  of  the  orange  peel) ;  then  an 
impulse  to  peck  it,  and  then  as  a  result  a  disagreeable  feeling.  Here- 
after the  same  sense  perception  fails  to  produce  the  impulse,  or  if  the 
impulse  is  partly  formed  it  is  checked.  This  check  is  the  permanent 
effect  left  on  the  nervous  mechanism  by  the  original  feeling.  To  state 
fully  the  grounds  which  apparently  justify  this  account  would  take 
me  beyond  my  limits.    I  must  be  allowed,  for  the  sake  of  argument, 

1  For  an  attempt  to  work  out  the  transition  in  detail  I  may  be  allowed  to 
refer  to  my  work  on  Mind  in  EvoliUion, 
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to  assume  it  to  be  suflBciently  correct  for  the  rough  description  that 
we  require,  and  I  have  then  to  point  out  that  it  assumes  (1)  a  feeling 
supervening  upon  an  action,  and  (2)  the  guidance  of  subsequent 
action  by  the  relation  thus  experienced.  This  is  what  is  meant  by 
calling  it  a  modification  of  the  inferential  type.  There  are  other 
modifications  in  which  feeling  and  the  relation  of  feeling  to  antecedent 
action  does  not  seem  to  play  such  a  part.  For  our  whole  physical 
organism  is  more  or  less  modifiable  by  what  it  experiences,  but  feeling 
does  not  always  play  a  part,  so  far  as  we  can  see,  in  such  modification. 
For  example,  one  of  my  muscles  may  be  strengthened  by  frequent 
use  of  a  limb.  That  is  a  modification,  but  it  is  not  due  to  any  feelings 
of  pleasiu^  or  pain  arising  out  of  the  use  of  the  limb,  but  to  certain 
nerve  reactions  governing  nutrition.  Our  sense  organs  and  our  motor 
machinery  again  improve  by  practice  in  whatever  we  set  them  to  do, 
not  merely  because  certain  adjustments  give  us  more  satisfaction,  but 
also  it  would  seem  by  a  more  unconscious  process.  The  mere  per- 
formance of  a  function  by  an  organ  tends  to  dispose  that  organ  to 
the  readier  and  more  complete  performance  of  the  same  function  on  a 
subsequent  occasion. 

We  may  think  I  infer  that  those  modifications  of  behavior  by 
experience  in  which  we  impute  consciousness  are  a  special  case  of 
the  wider  and  more  general  modifiability  which  is  perhaps  a  univer- 
sal characteristic  of  organic  life,  and  in  which  consciousness  is  not 
necessarily  to  be  supposed.  That  is  to  say,  we  are  already  able  to  treat 
consciousness  from  our  point  of  view  as  a  special  case  of  a  genus. 
We  have  reduced  it  to  a  coiiunon  denominator  with  organic  processes 
that  we  do  not  suppose  to  be  conscious  —  adaptability  to  new  condi- 
tions under  the  influence  of  experience  being  the  covering  concep- 
tion. But  we  may  carry  the  matter  at  least  one  step  further.  The 
mode  of  learning  by  experience  that  we  have  described  as  being  of 
the  "inferential  type"  postulates  the  co-operation  of  two  factors. 
There  is  the  feeling  that  accompanies  the  original  action,  and  there  is 
the  modification  of  subsequent  behavior  taken  to  be  the  effect  of  that 
feeling.  Now  there  is  some  psychological  ground  for  suggesting  that 
the  feeling  itself  is  the  mental  equivalent  of  the  motor  recoil  ^  upon  a 
certain  perception,  —  the  contact  of  orange  peel  with  the  bill  in  our 
instance.  There  are  also  some  reasons  for  thinking  that  this  recoil  is 
in  the  lowest  stage  temporary  and  only  acquires  a  permanent  in- 
hibitory effect  by  slow  degrees.    If  that  is  so,  we  have  a  stage  of 

*  To  dismiss  what  is  really  cause  and  what  effect  would  be  a  long  business 
which  I  must  beg  off  on  this  occasion.  I  suspect  that  at  this  rudimentary  stage 
neither  term  is  precisely  appropriate. 
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feeling,  that  is  of  consciousness,  below  the  level  at  which  there  is  any 
regular  learning  by  experience.  But  if  this  is  so,  it  is  a  sound  evcJu- 
tionary  maxim  to  ask  what  function  consciousness  can  perfonn  at 
this  level  to  justify,  so  to  say,  its  appearance.  The  answer  is  partly 
suggested  by  the  instance  considered.  Feeling  would  be  the  means 
of  swiftly  inhibiting  action  of  the  kind  that  is  generally  pernicious, 
and  though  its  lessons  might  not  be  permanent,  still  the  mere 
rapidity  of  recoil  in  each  case  —  or  conversely  the  encoiu*aged  and 
therefore  more  persistent  application  —  might  be  of  value. 

Here  we  seem  to  get  close  to  the  beginning  of  consciousness,  at 
least  to  the  lowest  limit  at  which  its  operation  can  be  distinguished. 
As  long  as  action  is  fixedly  determined  by  a  mechanism  which  the 
organism  inherits  from  its  parents,  there  is  no  reason  for  imputing  to 
consciousness,  intelligence,  or  purpose  any  share  in  the  business.  A 
series  of  reflex  actions  may  be  adjusted  to  the  normal  circumstances 
of  the  organism  with  high  precision  and  a  considerable  complexity, 
and  yet  there  may  be  no  reason  to  suppose  a  conscious  inteUigence  at 
work  in  them.  There  may  even  be  definite  reason  for  a  contrary  view. 
But  as  soon  as  we  get  some  fresh  and  unique  adjustment  of  action, 
such  as  to  preserve  the  normal  balance  of  the  organism  in  a  given 
situation,  where  the  normal  reflex  is  not  sufficient  for  the  purpose, 
then  we  get  a  new  function  of  unity,  a  fresh  unification  of  action,  and 
in  this  I  think  we  may  recognize  the  beginning  of  consciousness.  At 
least  whenever  we  see  this  unique  adjustment  we  are  tempted  to 
impute  consciousness.  Thus  in  a  well-known  experiment  —  as  long 
as  a  headless  frog  wipes  away  a  drop  of  acid  by  the  normal  motion  we 
are  content  to  regard  the  whole  process  as  mechanical,  but  as  soon  as 
an  impediment  to  the  process  compels  the  frog  to  use  the  other  leg 
we  begin  to  ask  ourselves  whether  we  must  not  overcome  our  preju- 
dices in  favor  of  brains  and  allow  a  tiny  dose  of  consciousness  to  a 
headless  amphibian. 

I  do  not  pretend  to  decide  the  particular  case,  but  I  think  it  is 
a  tenable  hypothesis  that  the  lowest  stage  of  consciousness  is  the 
momentary  feeling  evidenced  in  the  novel  or  special  adjustment  to 
the  situation  in  which  the  organism  is  placed  as  contrasted  with  the 
routine  response  in  accordance  with  inherited  modes  of  action.  This 
special  adjustment  is  a  form  of  the  correlation  of  action  with  result 
out  of  which,  as  has  been  shown,  modifications  of  the  inferential  type 
may  be  conceived  to  arise,  and  from  these  rudimentary  inferences  in 
turn  grows  that  correlation  of  experiences  and  purpose  which  is  the 
special  work  of  intelligence.  On  the  other  hand  the  co-ordination  of 
actions  effected  by  feeling  is  but  a  special,  case  of  the  adaptability  of 
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organized  beings  in  general.  Outside  the  sphere  of  conscious  intelli- 
gence organic  substance  is  still  modified  by  what  it  experiences  in 
relation  to  its  environment,  and  so  modified  as  to  adapt  itself  better 
to  the  conditions  of  its  environment,  and  this  formula  might  still  be 
applied  as  the  wider  principle  imderlying  the  work  of  all  intelligence. 
The  very  reflexes  which  we  contrast  with  intelligent  action  grow  up 
through  an  indirect  action  of  the  same  kind.  For  it  is  the  nature  of 
the  environment  which  determines  the  elimination  of  the  unfit,  and 
this  indirectly  fosters  the  suitable  response;  and  it  is  the  plastidty  of 
the  hereditary  substance  which  enables  successive  generations  to 
grow  into  the  form  which  the  conditions  of  survival  require.  Thus 
if  the  emergence  of  consciousness  is  a  new  fact  of  fundamental  import 
in  evolution  it  is  still  a  phase  in  a  process  of  correlation  or  integration, 
and  for  the  evolutionist  it  is  to  be  understood  by  relation  to  the 
function  which  it  performs  in  this  process. 

Hence  if  I  am  right  neither  the  rise  of  self -consciousness  nor  that 
of  consdousness  constitutes  a  break  in  the  continuity  of  development. 
They  involve  an  element  of  mystery,  as  all  processes  of  causation 
when  probed  to  their  depths  involve  an  element  of  mystery.  But  they 
do  not  involve  a  solution  of  continuity.  They  introduce  changes  of 
kind,  but  nijit  such  changes  of  kind  as  are  incompatible  with  develop- 
ment. Rather  they  are  to  be  conceived  by  the  evolutionist  as  two  of 
the  decisive  phases  in  that  single  process  of  integration  or  the  forma- 
tion of  cosmos  out  of  chaos  which  constitutes  the  sum  total  of  ortho- 
genic evolution. 
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BEHAVIOR  OF  TUBICOLOUS  ORGANISMS 
C.  W.  HARGITT 

The  impulse  which  has  been  given  to  observation  and  research  on 
animal  activities  and  habits  by  the  tropism  conception  of  behavior, 
and  the  results  which  have  been  achieved,  are  too  well  known  to  call 
for  special  remark. 

It  is  the  purpose  of  this  paper  to  present  a  summary  of  certain  as- 
pects of  behavior  exhibited  by  a  few  tube-dwelling  organisms  which 
have  been  under  observation  by  the  writer  from  time  to  time  during 
the  past  three  or  four  years.  These  organisms,  comprising  several 
species  of  actinians  and  annelids,  have,  of  course,  little  in  common 
aside  from  certain  modes  of  Ufe  and  certain  aspects  of  behavior; 
but  these  make  it  both  convenient  and  pertinent  to  consider  them 
together. 

I.  Tube-dwelling  Anemones.  —  It  is  very  well  known  that 
several  species  of  anemones,  representing  several  genera  and  families, 
have  the  habit  of  either  burrowing  in  the  sand,  or  secreting  themselves 
under  stones  or  in  crevices  where  they  live  in  more  or  less  seclusion, 
rarely  being  seen  by  the  ordinary  observer.  Most  of  those  which 
burrow  in  sand  or  mud  usually  line  these  tube-Uke  structures  with  a 
secretion  of  slime  and  nemotocysts,  the  outer  portion  becoming  more 
or  less  hardened  in  many  cases  by  accretions  of  sand  or  other  foreign 
matter.  Within  these  burrows  the  occupants  live  more  or  less  perma- 
nently, as  in  the  case  of  Cerianthus,  or  perhaps  only  temporarily,  as 
with  certain  species  of  Edwardsia  and  Halcampa,  and  probably 
Sagartia.  The  behavior  of  some  of  these,  in  the  laboratory,  led  to 
certain  more  or  less  extended  observations,  both  under  natural  and 
artificial  surroundings,  some  account  of  which  has  already  been  pub- 
lished.   This  portion  of  the  present  report  will  therefore  be  very  brief. 

Loeb  was  the  first,  I  believe,  to  apply  the  tropism  explanation  to 
the  reactions  of  these  organisms.  The  tube-dwelling  habit  of  Cerian- 
thus he  attributed  to  definite  tropic  factors.  "Positive  geotropism  and 
positive  stereotropfam  cause  the  Cerianthi  to  burrow  in  the  sand  verti- 
cally, and  positive  geotropism  keeps  them  permanently  in  the  burrow  " 
{Physiology  of  Brain,  p.  561). 

It  was  with  a  view  to  test  the  application  of  this  explanation  to  the 
behavior  of  other  actinians  that  my  observations  were  undertaken. 
Concerning  the  reactions  of  Cerianthus  I  have  not  been  able  to  make 
any  observations.  But  several  other  species  have  been  available  hav- 
ing habits  so  similar  that  it  may  be  presumed  they  will  show  more  or 
less  similarity  of  behavior. 
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The  following  species,  all  inhabiting  burrows,  have  been  studied : 
Eloactis  (Hcdcampa)  productay  Sagartia  rnodestay  Edvxxrdsia  elegans. 
The  first  two  I  have  previously  described  {Biol.  Bull.,  Vol.  XXL,  1907). 
During  the  present  summer  the  last  species  has  been  under  similar  ex- 
periment and  observation.  It  is  only  necessary  to  state  that  in  almost 
every  detail  of  behavior  thb  species  has  confirmed  that  of  the  other 
species.  That  is,  in  their  burrowing  activities  and  reactions  to  photic 
stimuli  they  behave  in  almost  identically  the  same  way  as  do  species  of 
Eloacds  and  Sagartia.  Some  specimens  burrow  very  promptly,  while 
others  are  varyingly  slow  and  uncertain  in  this  reaction.  They  emerge 
from  the  burrows  at  night  aad  frequently  construct  new  burrows. 
Whether  this  reaction  occurs  in  nature  I  am  not  prepared  to  say. 
Again,  whether  they  thus  emerge  in  quest  of  food  and  are  then  unable 
to  return  to  the  old  burrow,  or  whether  it  be  due  to  some  entirely 
different  cause  is  open  to  doubt.  From  its  frequency  at  ni^t,  and 
the  trails  left  on  the  surface  of  the  sand,  it  would  seem  to  be  rather 
probable  that  this  behavior  is  more  or  less  common.  The  response 
to  photic  stimulus  is  quite  as  marked  as  in  the  other  species  under 
review.  If  placed  under  a  dark  chamber,  and  left  for  about  thirty 
minutes  or  over,  there  is  almost  always  a  prompt  response  by  a  pro- 
trusion from  the  burrow  of  nearly  half  the  body  and  a  wide  expan- 
sion of  the  tentacles.  Occasionally  a  specimen  will  emerge  entirely 
from  the  burrow  during  this  experiment,  though  this  is  not  usual 
unless  after  prolonged  exposure  to  the  darkness.  It  should  also  be 
noted  that  the  experiment  is  usually  more  prompt  and  striking  during 
the  middle  or  latter  part  of  the  day.  In  the  early  morning  they  seem 
less  responsive  than  later  in  the  day,  which  is  only  what  might  naturally 
be  expected. 

The  following  conclusions  are  suggested :  1.  While  the  position  in 
the  burrow  is  more  or  less  vertical,  it  is  not  invariably  so,  and  there  is 
no  convincing  evidence  that  geotropism  is  the  determining  factor  in 
the  matter.  2.  While  contact  with  the  sand  of  the  aquarium  is  usually 
followed  by  the  burrowing  reaction,  this  is  not  invariably  the  case, 
nor  are  the  reactions  such  as  to  suggest  the  dominance  of  any  single 
influence.  Some  specimens  burrow  promptly,  others  tardily,  others  not 
at  all  or  only  after  several  days.  Some  specimens  accomplish  the 
operation  speedily,  others  indifferently,  showing  a  wide  range  of  indi- 
vidual aptitude.  Here  again  it  may  be  doubted  whether  either  geo- 
tropism or  stereotropism  has  any  considerable  influence  in  the  habit. 
3.  That  light  is  of  more  importance  than  either  of  the  former,  or 
both  combined,  seems  to  me  almost  certain.  Furthermore,  I  am  more 
than  ever  convinced  that  these  several  aspects  of  behavior  have  their 
efficient  causes  and  explanations  in  certain  physiological  conditions 
of  adaptation,  differing  under  varying  circumstances  and  individual 
necessities. 

II.   Tube-dwelling   Annelids.  —  In    two    previous    communi- 
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cations  I  have  pointed  out  certain  aspects  of  behavior  exhibited  by 
several  species  of  tubicolous  annelids,  chiefly  Hydroides  dianthvs, 
Potamila  ocidifera,  and  to  a  less  extent  a  species  of  Protula  studied  at 
Naples.  My  more  recent  observations  have  had  to  do  with:  (1)  be- 
havior under  natural  conditions;  (2)  modifiability  of  behavior 
under  changed  conditions;  (3)  individual  peculiarities  of  behavior; 
(4)  aspects  of  behavior  revealed  in  the  ontogenetic  history  of  the 
tubes. 

Concerning  the  first,  little  need  be  said  beyond  the  mere  statement 
that  it  seemed  of  some  importance  in  order  to  assure  trustworthy  re- 
sults, that  some  observations  be  made  of  the  more  fundamental  fea- 
tures of  behavior  as  they  occur  in  nature.  It  seems  altogether  probable 
that  certain  of  our  experimental  results  obtained  from  animals  in 
aquaria,  cages,  finger-bowls,  etc.,  may  be  more  or  less  misleading,  not 
to  say  erroneous.  In  the  present  case  it  has  been  possible  to  eliminate 
more  than  one  such  error  by  just  this  naode  of  control.  For  example, 
it  has  been  found  that  the  reactions  of  specimens  taken  from  deeper 
waters  di£Per  in  certain  points  from  those  taken  along  shore  lines  or 
shallow  habitats.  And  furthermore,  that  specimens  from  rocky 
bottoms  show  important  contrasts  as  compared  with  those  from  muddy 
bottoms. 

ModifiabUity  of  Behavior.  —  In  a  previous  paper  it  has  been 
pointed  out  that  certain  reactions  could  be  modified  by  changing  con- 
ditions relative  to  respiration,  etc.  It  has  also  been  observed,  as  al- 
ready intimated,  that  the  behavior  of  Hydroides  is  diflFerent  in  several 
respects  as  one  studies  it  in  tide  pools  or  along  exposed  beaches  or  on 
piles  of  docks.  The  aspects  of  the  tubes,  their  modes  of  growth,  and 
the  reactions  of  the  occupants  under  various  testa  express  modes  of 
behavior  indicative  of  variabiUty  of  reaction  under  changed  environ- 
ment to  a  marked  degree.  This  is  further  evinced  in  the  facts  men- 
tioned in  a  previous  paper,  to  the  effect  that  under  experiments  liable 
to  involve  any  measure  of  injury,  such  as  clipping  off  bits  of  the  gills, 
marked  changes  of  reaction  are  induced,  showing  that  the  organism 
as  a  whole  acts  and  reacts  in  an  orderly  and  co-ordinating  manner  and 
not  in  simple  reflexes. 

Individuality  of  Behavior.  —  This  has  already  been  suggested  in 
the  preceding  section.  It  remains,  however,  to^wint  out  certain  more 
particular  features  of  this  matter.  For  example,  a  glance  at  the  tables 
will  show  that,  while  there  are  general  features  of  behavior  more  oi 
less  common  to  all,  there  are  special  differences  pecuUar  to  individuals, 
such  as  reaction  time,  tendency  to  withdraw  into  the  tubes,  an  extreme 
measure  of  caution  or  timidity  (to  indulge  in  an  anthropomorphic 
phrase)  in  behavior,  etc.  In  these  and  many  other  features  one  is 
deeply  impressed  with  the  conviction  that  these  creatures  are  endowed 
with  individual  traits  and  peculiarities  of  no  mean  order,  and  that 
their  behavior  is  no  mere  "jack-in-the-box"  performance,  struck  off 
by  some  tropic  spring,  but  is  rather  the   expression  of  definitely 
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ccM>rdinated   and   correlated   physiological  processes,  intrinsic  and 
individual. 

Tables  showing  Various  Aspects  of  Response  to  Shadow  Tests 


L 

II. 

A. 

B. 

C. 

D. 

E. 

A. 

B. 

C. 

D. 

E. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

+  6 
+  5 
+  10 
+  9 
+  9 
+  8 

+  10 
+  8 
+  8 
+  9 

+  8 

+  13 
+  15 
+  10 
+  10 

+  7 
+  8 

+  7 
+  9 
+  10 
+  10 
+  15 
+  8 

+  10 
+  10 
+  9 
+  9 

+  8 

+  15 

+  15 
+  12 
+  12 
+  12 

+  7 
+  16 
+  15 
+  15 
+  15 
+  10 

+  10 
+  10 
+  10 
+  16 

+  10 

+  15 
+20 
+  12 
+  15 
+  12 

+  8 
+  16 
+  15 
+  15 
+25 
+  10 

+20 
+  10 
+  16 

+  10 

+  15 
+20 

+20 

+  6 
+  5 

+  5 
+  6 

+  6 
+60 
+  6 
+  5 
+20 

+  6 
+  6 

—12 
+  15 
+  12 
+  12 
+  6 

+  10 
+  11 

+  6 

+  7 



— 

— 

III. 

IV. 

V. 

F. 

G. 

F. 

G. 

F. 

H. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

+  40 
+  30 
+  30 
+  32 
+  60 
+  45 
+  120 

+300 
+  40 
+  30 
+  180 
+  43 
+  180 
+  75 
+  75 
+470 
+  50 
+  60 
+  150 

+360 
+  60 
+  180 
+  60 
+  60 
+  60 
+  90 
+  60 
+  36 
+  1» 
+300 
+  60 
+  90 
+  105 
+  90 
+  130 
+  150 
+  150 
+225 
+  90 

+  15 
+  10 
+  12 
+  10 
+  18 
+  15 
+  12 
+  13 

+  16 
+  12 
+  45 
+  75 
+20 
+20 
+  12 

+  15 
+  11 
+  18 

+  20 
+  30 
+  45 
+  33 
+  45 
+  60 
+  35 
+  80 
+  100 
+  40 
+  110 
+  90 
+  15 
+  90 
+  90 
+  106 
+  80 
+  85 
+  45 

+  18 
+  15 
+  14 
+  18 
+  11 
+  15 
+  10 
+  10 
+  15 
+  10 
+  13 
+  15 
+  14 
+  11 
+  10 
+  12 
+  10 
+  9 
+  8 
+  8 

+  13 
+  15 
+  15 
+  15 
+  9 
+  9 
+  10 
+  10 
+20 
+  10 
+  13 
+  12 
+  10 
+  8 
+20 
+  12 
+  10 
+  12 
+  12 
+  9 

The  tables  present  a  very  few  of  numerous  tests  made  during  the  course  of  the 
observations  in  order  to  ascertain  whether  in  their  responses  to  stimuli  of  varying 
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Evidence  of  the  Tubes.  —  Loeb  has  laid  particular  stress  on  the 
behavior  of  certain  annelids,  Spirographis  and  Hydroides,  in  response 
to  light.  One  of  these,  Spirographis,  occupies  a  flexible  tube  and  is 
therefore  able  to  react  directly  to  light  much  as  a  plant ;  while  the  other 
having  a  calcareous  tube  is  unable  to  thus  act.  According  to  Loeb's 
experiments  both  these  worms  behaved  in  a  manner  quite  comparable 
to  that  of  plants.  While  I  have  not  been  able  to  study  these  particular 
species,  those  herein  concerned  are  so  very  similar  that  one  can  closely 
duplicate  the  experiments.  As  is  well  known,  Potamilla  occupies  a 
flexible  tube,  probably  very  similar  to  that  of  Spirographis,  and  cer- 
tainly sufliciently  flexible  to  easily  yield  to  the  inclination  of  the  head 
or  body  of  the  worm.  Now  this  species  as  one  normally  takes  it  shows 
no  evidence  of  heliotropism,  its  tubes  protruding  from  a  given  base  of 
attachment  in  all  directions.  Furthermore,  I  have  kept  colonies  of 
these  worms  in  aquaria  before  a  window  for  days,  or  even  weeks,  at  a 
time  without  being  able  to  detect  any  clear  evidence  of  photic  response. 

But  whatever  might,  or  might  not  be  the  case  with  creatures  of  this 
type,  or  however  one  mi^t  interpret  their  behavior,  the  case  is  very 
diflFerent  with  species  like  Hydroides,  which  live  in  calcareous  tubes. 
Here  the  animal,  at  every  stage  of  its  growth,  leaves  an  absolutely 
permanent  and  unmistakable  record  of  its  behavior  in  the  calcareous 
tubes  within  which  its  life  is  spent.  In  these  tubes  the  creature  has,  as 
it  were,  literally  lithographed  an  autobiography  of  its  behavior  as 
certain  and  enduring  as  those  of  fossil  brachiopods.  While  of  their 
bodily  activities  there  may  be  room  for  differing  interpretations,  this  is 
wholly  precluded  in  the  unchangeable  records  of  these  calcareous 
secretions,  wherein  are  expressed  in  no  uncertain  phrase  the  varying 
moods  of  individuality  and  spontaneity.  A  glance  at  a  colony  of  these 
tubes  will  easily  convince  one  that  no  single  force  has  determined  their 
location  or  modes  of  growth,  which  are  but  so  many  expressions  of 
behavior. 

But  this  is  not  the  whole  story.  As  already  pointed  out,  important 
diflPerences  are  shown  in  specimens  from  varying  habitats.  For  ex- 
light  intensity  these  creatures  behaved  in  confonnity  with  the  genera]  tropism 
hypothesis. 

In  tables  I  and  II  are  shown  the  behavior  of  five  individuals  of  Hydroides 
dianthtia  from  two  different  habitats,  namely,  those  *of  I  being  from  the  shallow 
waters  of  tidepools,  etc.,  while  those  of  II  were  taken  from  a  depth  of  from  7  to 
10  fathoms.  The  test  used  was  that  of  the  shadow,  or  sudden  diminution  of  light, 
as  explained  in  a  former  paper,  and  in  the  two  cases  the  specimens  were  placed 
under  identical  conditions  of  light,  temperature,  etc. 

In  tables  III  and  IV  are  given  the  reactions  of  two  individuals  F  and  G  made 
under  identical  conditions,  at  10  a.  m.  and  2  p.  m.  In  table  V  are  shown  the 
reactions  of  two  specimens,  F  of  the  former  and  H  a  new  specimen,  made  the 
following  day  at  3  p.  m. 

The  signs  plus  and  minus  indicate  positive  and  negative  reactions;  that  is, 
definite  response  by  withdrawing  into  the  tube,  or  failure  to  respond.  The 
figures  in  each  case  indicate  the  time  in  seconds  intervening  after  tne  response 
before  the  specimen  protruded  again  from  the  tube. 
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ample,  colonies  from  shore  lines  where  they  are  subject  to  the  swash 
of  waves  or  pounding  surf  never  show  the  upright  or  free  tubes  of  colo- 
nies from  deeper  or  quieter  waters.  In  the  former  the  tubes  are  always 
closely  applied  to  the  substratum  and  even  flattened  on  the  side  of 
contact  to  afford  larger  adhesive  surface.  Again,  specimens  frequent- 
ing muddy  bottoms,  such  as  river  mouths,  or  ponds,  are  inclined  to  the 
erect  habit,  thus  rising  above  the  mud  or  other  menace.  When  kept 
in  the  laboratory,  and  this  has  been  done  for  weeks  at  a  time,  and 
variously  disposed  as  to  li^t,  there  could  not  be  detected  the  slightest 
evidence  of  any  heUotropic  response,  though  during  this  time  tubes  had 
grown  five  to  ten  mm.  in  length.  As  shown  in  a  former  paper,  almost 
every  possible  aspect  of  direction  is  portrayed,  upward,  downward, 
sidewise,  coiled  upon  themselves  in  every  possible  fashion.  These 
facts,  taken  in  connection  with  those  of  the  widely  variable  habitats 
of  the  organisms  constitute  a  more  or  less  formidable  obstacle  to  the 
application  of  the  tropism  hypothesis.  For  example,  specimens  are 
found  occupying  such  widely  different  situations  as  rocks,  dead  shelb, 
living  shelb  of  snails,  the  meshes  of  nets  used  in  fish-traps,  etc. 

It  seems  to  me  the  facts  herein  cited  all  but  compel  tiie  conclusion 
that  neither  one  tropic  factor,  nor  indeed  any  combination  or  con- 
sjnracy  of  tropisms,  positive  or  negative,  afford  adequate  explanation 
of  the  behavior  concerned.  There  is  at  every  stage  an  expression  of 
spontaneity  and  individuality  indicative  in  part  of  definite  and  meas- 
urable adaptation,  and  in  part,  perhaps,  of  intrinsic  physiological 
conditions  the  ultimate  nature  of  which  lies  deep  in  uncertainty. 
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(Abstract) 
STEVENSON  SMITH 

I.  Reactions  to  Touch.  —  A  capillary  tube  was  selected  of  a  bore 
smaller  than  the  length  of  the  paramecium  and  larger  than  his  width. 
The  animal  was  caught  by  the  upward  suction  of  the  tube,  and  the 
tube  was  then  placed  on  a  movable  carriage,  so  that  the  animal  could 
always  be  kept  in  the  field  of  the  microscope  no  matter  what  part  of 
the  tube  he  might  be  swinuning  through. 

Once  in  the  tube  the  paramecium  usually  swims  to  the  forward 
end,  and  upon  reaching  the  meniscus  jerks  backward  for  several 
times  his  own  length,  then  approaches  again  in  a  wider  spiral  than 
before.  This  backing  and  approaching  takes  place  as  many  as  a 
dozen  times,  and  later  the  paramecium  settles  down  to  a  pecking 
motion  around  the  meniscus,  attacking  about  five  places  in  its  cir- 
cumference, or  else  swims  rapidly  around  the  meniscus  without  any 
pause  in  its  movement.  The  animal's  rotation  is  usually  screwwise, 
in  which  case  the  buccal  groove  is  pressed  against  the  rounded  sur- 
face of  the  meniscus,  but  it  is  sometimes  anti-screwwise,  in  which 
case  the  buccal  groove  is  pressed  against  the  side  of  the  tube. 

In  the  original  approaching  and  retreating  both  movements  may 
be  either  screwwise  or  anti-screwwise.  In  approaching,  both  the 
screwwise  and  anti-screwwise  movements  give  about  the  same  width 
of  spiral,  namely,  a  very  slight  one.  If  the  retreat  is  made  screw- 
wise a  very  wide  spiral  results.  If  the  retreat  is  anti-screwwise  a  rel- 
atively straight  course  is  followed,  the  spiral  being  hardly  noticeable. 

In  most  cases  the  animal  after  a  varying  time  bends  his  anterior 
end  around  toward  the  aboral  side,  forming  a  "U  "  with  his  body, 
and  after  a  number  of  jerks  succeeds  in  reversing  the  position  of  his 
body  in  the  tube.  In  all  cases  he  turns  toward  3ie  aboral  side,  thus 
using  the  long  creeping  ciha  near  the  buccal  groove  to  obtain  a  hold 
on  the  side  of  the  tube. 

The  most  significant  result  obtained  in  this  series  of  experiments 
is  this :  With  practice  the  time  of  turning  is  reduced. 

If  a  tube  of  very  small  bore  is  used  the  turning  time  is  not  reduced, 
the  intervab  between  the  turns  being  longer.     This  we  naturally 

»  Jour.  Cong.  1908. 


Digitized  by 


Google 


LIMITS  OF  EDUCABILITY  OF  PARAMECIUM        143 

interpret  as  a  modification  of  behavior  due  to  fatigue.  If,  how- 
ever, a  tube  is  selected  of  a  bore  only  a  little  less  than  the  length  of 
the  Paramecium  the  intervab  between  turns  may  be  reduced  from 
five  minutes,  or  more,  at  first,  to  as  little  time  as  is  necessary  for  the 
animal  to  swim  from  one  end  of  the  tube  to  the  other,  as  he  turns 
almost  at  once  on  reaching  the  end. 

An  interesting  characteristic  of  this  reaction  is  that  the  parainecium 
reverses  nearly  sJways  in  tlie  horizontal  plane.  In  order  to  determine 
whether  he  could  reverse  easily  in  the  vertical  plane  a  trough  was 
constructed  the  vertical  sides  of  which  were  too  near  together  to  per- 
mit of  his  turning  in  the  horizontal  plane.  There  was  sufficient  depth 
to  allow  easy  turning  in  the  vertical  plane.  As  a  result  the  Parame- 
cium at  first  turned  over  and  over  in  the  vertical  plane,  never  swim- 
ming the  whole  length  of  the  trough.  Later  the  movements  became 
slower  and  the  animal  would  swim  almost  the  length  of  the  trough 
before  reversing. 

As  these  movements  are  of  no  fixed  type  but  vary  greatly  from 
time  to  time  under  the  same  conditions,  and  further,  as  this  variation 
is  often  not  what  would  be  produced  by  fatigue,  a  satisfactory  expla- 
nation cannot  be  made  in  terms  of  tropism.  The  "trial  and  error  ** 
explanation,  although  the  principle  is  no  doubt  involved  (as  it  is  in 
the  gross  movements  of  all  animab),  does  not  seem  tb  satisfy,  because 
the  movement  of  reversing  in  the  tube  requires  a  great  deal  of  eflFort 
and  perseverance  on  the  part  of  the  paramecium  and  a  relatively 
long  time  to  accomplish.  The  law  of  trial  and  error  describes  the 
organism  as  avoiding  any  great  difficulty  and  turning  to  a  more 
easily  accomplished  movement. 

2.  The  Inadequacy  of  an  Associated  Past  Experience  to  Mod- 
ify the  Reaction  to  a  Given  Stimulus. — Paramecium  reacts  diflFer- 
ently  to  confinement  in  the  two  planes,  vertical  and  horizontal.  To 
react  differently  to  two  conditions  is  to  distinguish  between  them. 
Paramecium,  however,  swimming  in  an  "L  "-shaped  tube,  one  part 
of  which  lies  in  the  vertical  and  one  part  in  the  horizontal  plane,  will 
not  react  negatively  when  it  passes  from  one  plane  to  the  other. 

In  this  experiment  the  bore  of  the  tube  which  was  used  was  of 
such  a  size  that  the  paramecia  had  no  difficulty  in  turning.  A  num- 
ber of  paramecia  were  taken  up  in  the  tube  and  then  one  end  of  the 
tube  was  fused  so  that  the  water  could  be  maintained  in  the  same 
part  of  the  tube,  regardless  of  the  tube's  position.  The  tube  was 
placed  with  one  leg  vertical  and  one  leg  horizontal,  and  the  para- 
mecia swam  through  the  length  of  the  tube  without  any  negative  re- 
action to  the  change  in  direction. 

The  end  of  the  vertical  leg  was  then  brought  into  contact  with  a 
hot  rod  kept  at  a  constant  temperature,  so  that  the  paramecia  always 
experienced  heat  at  the  end  of  their  vertical  swim.  They  reacted  to 
the  heat  with  random  movements,  which  with  repetition  of  the  stim- 
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ulus  became  more  adaptive,  finally  swimming  back  along  both  legs 
of  the  tube  to  the  cool  meniscus.  These  condition  were  maintained 
in  one  experiment  for  eighteen  hours  and  in  another  for  sixty  hours. 
In  this  time,  however,  tibe  paramecia  did  not  learn  to  react  to  the 
vertical  position,  and  thus  anticipate  the  heat  stimulus.  The  only 
modification  in  their  behavior  consisted  in  the  increased  appropri- 
ateness of  their  movements  in  reacting  to  the  heat.  They  seemed  to 
show  a  reduced  threshhold  of  perception,  inasmuch  as  they  did  not 
approach  as  near  the  source  of  heat  in  their  later  reactions  as  they 
did  in  their  earlier  ones;  but  this  may  have  been  due  to  the  fact  that 
the  random  movements,  which  characterized  the  early  reactions,  car- 
ried them  past  the  point  in  the  tube  where  the  negative  reaction 
began. 

Another  experiment  similar  to  the  foregoing  was  performed  by 
using  light  and  heat  stimuli.  The  conditions  of  the  experiment  were 
these :  Paramecia  were  placed  in  a  trough  having  an  extremely  thin 
glass  bottom,  and  this  trough  was  immersed  in  a  partitioned  box  con- 
taining hot  and  normally  cold  water,  so  that  the  bottom  of  the  trough 
was  kept  cool  on  one  half  and  warm  on  the  other.  There  was  a  dis- 
tinct Une  (not  corresponding  exactly  to  the  partition  of  the  under 
box)  at  which  the  paramecia  approaching  from  the  cool  side  would 
turn  back.  A  light  was  fixed  above  the  trough  and  a  screen  inter- 
posed so  that  a  shadow  covered  the  warm  area  and  a  minute  part  of 
the  cool  area  beyond  the  reaction  Une.  The  white  paramecium  (that 
used  in  these  experiments)  gives  no  reaction  to  light  or  darkness,  but 
it  was  hoped  that  by  allowing  the  animals  to  experience  darkness 
whenever  they  experienced  heat  they  might,  when  the  heat  was  re- 
moved, react  negatively  to  darkness.  This  they  did  not  do,  however, 
although  one  group  of  paramecia  were  allowed  to  experience  the  two 
conditions  together  for  fifteen  hours,  one  for  twenty-four  hours,  and 
one  for  forty  hours. 
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FEATURES  IN  THE  BEHAVIOR  OF  THE  STARFISH 
ILLUSTRATING  THE  GROUNDS  FOR  THE  ATTRI- 
BUTION BY  OLDER  AUTHORS  OF  INTELLIGENCE 
TO  LOWER  ANIMALS 

(Abstbact) 
H.  S.  JENNINGS 

In  this  paper  an  account  was  given  of  certain  complex  and  highly 
integrated  reactions  in  the  starfish  Asterias  forreri.  Certain  features 
of  locomotion,  of  the  righting  reaction,  and  of  certain  other  reactions 
were  described  and  illustrated  by  photographs.  In  the  behavior 
described,  all  the  activities  of  the  starfish  seem  directed  toward  the 
accomplishment  of  a  definite  result;  the  different  parts  of  the  body 
play  different  but  coordinated  parts,  while  in  different  cases  the 
performance  of  the  act  is  so  varied  that  it  cannot  be  called  stereo- 
typed; each  organ  may  play  any  one  of  many  different  parts,  as 
required  to  accomplish  the  result  under  the  conditions.  Thus,  in 
the  righting  reaction,  after  a  few  moments  of  uncoordinated  feeling 
about,  suddenly  a  unified  impulse  appears,  —  an  impulse  to  turn  in 
a  certain  definite  direction.  Thereafter  all  the  activities  of  the  star- 
fish are  directed  toward  turning  in  that  way.  Certain  rays  may 
have  become  wrongly  attached;  these  now  untwist,  release  them- 
selves, attach  anew,  and  assist  the  turning.  The  ray  on  the  side 
opposite  that  toward  which  the  animal  is  to  turn  plays  a  different 
part  from  the  others;  it  releases  itself,  refuses  to  attach,  bends  over 
toward  the  other  side,  and  only  takes  hold  again  when  by  its  pulling 
it  assists  the  final  settling  down.  Certain  rays  may  have  gotten 
themselves,  before  the  unified  impulse  appeared,  partly  back  into 
the  normal  position  with  ventral  side  down;  these  turn  themselves 
back  into  the  abnormal  position  in  order  to  aid  the  general  turning. 
No  part  is  dragged  passively  or  against  its  will;  each  is  active  ip 
aiding  to  carry  out  the  general  movement.  Often  four  rays  are  at- 
tached; in  turning,  the  anterior  attached  pair  walks  backward  by  the 
aid  of  its  tube  feet,  while  the  posterior  pair  walks  forward.  Where 
the  two  pairs  meet,  the  posterior  pair  releases  itself  and  lifts  itself  up 
suflBciently  to  allow  the  anterior  pair  to  walk  backward  under  it,  — 
the  posterior  pair  meanwhile  walking  forward  over  the  anterior  pair; 
thus  the  normal  position  is  restored. 

Now,  the  starfish  may  turn  toward  any  ray  or  any  interradius, 
and  in  each  different  case  each  of  the  five  rays,  and  even  each  of  the 
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tube  feet,  will  play  a  difiFerent  part,  yet  a  part  coordinated  with 
all  the  rest,  to  accomplish  the  final  result.  The  action  is  thus  not 
a  stereotyped  chain  rc^Bex,  but  is  as  variable  as  it  could  conceivably 
be,  yet  always  maintaining  the  unity. 

Thus  the  starfish  modifies  the  activity  of  each  of  its  parts  in 
accordance  with  circumstances,  making  all  act  toward  a  imified 
result  This  is  what  Preyer  meant  by  attributing  intelligence  to 
the  starfish.  In  modern  times  Driesch  almost  alone  has  insisted  on 
the  interest  and  importance  of  such  actions  in  lower  organisms.  He 
recognizes,  what  cannot  be  gainsaid,  that  there  is  in  this  activity 
something  resembling  our  own  when  we  know  things,  —  when  we 
understand  a  situation,  and  act  accordingly. 

Such  behavior  can  evidently  not  be  characterized  as  simply 
reflex,  nor  as  a  stereotyped  instinct,  nor  as  a  tropism,  nor  as  trial 
and  error.  It  is  more  complex,  more  modifiable,  and  more  integrated 
than  any  of  these.  Its  real  nature  and  origin  presents  one  of  the 
most  interesting  problems  to  the  student  of  behavior. 
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THE  ANNUAL  SWARMING  OP  THE  ATLANTIC  PALOLO 
ALFRED  GOLDSBOROUGH  MAYER 

The  name  "Atlantic  Palolo  "  is  given  to  this  worm  on  account 
of  the  resemblance  between  its  habits  and  those  of  the  closely  allied 
Palolo  Worm  of  Samoa  and  Fiji.  The  only  marked  difference  be- 
tween the  habits  of  the  Atlantic  and  Pacific  worms  appears  to  be  that 
in  the  Pacific  the  annual  swarms  come  upon  or  near  the  days  of  the 
last  quarter  of  the  moon  in  October  and  November,  whereas  the 
breeding  swarm  of  the  Atlantic  Palolo  occurs  at  Tortugas,  Florida, 
within  three  days  of  the  day  of  the  last  quarter  of  the  moon  between 
June  29  and  July  28.  Moreover,  the  Atlantic  and  Pacific  Palolo 
worms  are  specifically  distinct,  the  former  being  Eunice  fvcata  (Ehlers), 
and  the  latter  Eunice  viridis  (Gray). 

The  Atlantic  Palolo  worm  Uves  within  burrows  in  dead,  corroded 
coral  rock,  from  below  low  tide  level  to  a  depth  of  at  least  six  fathoms. 

The  sexual  products  are  developed  exclusively  in  about  150  of 
the  posterior  segments  of  the  worm.  Before  sunrise  on  the  morning 
of  the  day  of  tibe  swarm  the  worm  crawb  out  backwards  from  its 
burrow  until  all  of  the  sexual  segments  and  a  portion  of  the  slender 
middle  part  of  its  body  have  been  exposed.  Then  the  sexual  seg- 
ments begin  actively  to  twist  with  a  heUcal,  corkscrew-like  movement. 
Viewed  from  the  head  end  of  the  worm,  this  twisting  movement  is  seen 
to  be  in  the  direction  of  the  hands  of  a  watch,  thus  being  that  of  a 
right-handed  screw.  This  active,  rolUng,  twisting  movement  in- 
volves only  the  posterior  sexual  segments,  and  ceases  wholly  at  the 
segment  separating  the  middle  portion  of  the  worm  from  the  pos- 
terior end.  Thus  it  is  that  the  posterior  end  is  twisted  off  precisely 
at  the  joint  between  the  sexual  segments  and  the  middle  portion  of 
the  worm.  Upon  freeing  itself,  the  posterior  end  immediately  swims 
upward  to  the  surface,  where  it  progresses  rapidly  along,  swimming 
backwards  usually  until  sunrise,  when  a  sudden,  violent  series  of 
muscular  contractions  bursts  the  cuticula  in  many  places  and  dis- 
charges the  sexual  products  into  the  water.  If  we  capture  the  swim- 
ming sexual  end  of  the  worm  before  sunrise  and  place  it  in  a  dark 
room,  the  bursting  contraction  is  somewhat  delayed,  but  not  pre- 
vented, showing  that  light  is  not  the  sole,  but  only  a  contributory, 
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cause  of  the  reaction.  Often  the  sexual  products  have  been  discharged, 
the  torn,  shrivelled,  empty  posterior  end  sinks  down  to  die  upon  the 
bottom.  This  process  of  the  setting  free  of  the  posterior  end  was 
observed  in  worms  which  were  living  in  rocks  in  an  aquarium  on 
July  1,  1907. 

After  the  casting  off  of  its  posterior  sexual  end,  the  forward  part 
of  the  worm  crawb  back  into  its  burrow  in  the  coral  rock,  and  regen- 
erates a  new  posterior  end. 

This  swarming  of  the  Atlantic  Palolo  has  been  observed  for  nine 
years  at  Tortugas,  Florida.  The  principal  swarm  occurs  within  three 
days  of  the  day  of  the  last  quarter  of  the  June  29  to  July  28  moon, 
although  smaller  swarms  may  occur  on  the  one  or  two  days  preceding 
or  succeeding  the  day  of  the  principal  swarm.  In  the  following  record 
the  dates  of  the  principal  breeding  swarm  are  printed  in  heavy  type, 
whereas  the  dates  upon  which  only  a  few  worms  were  observed  swarm- 
ing are  printed  in  ordinary  type. 


Year. 

Dates  upon  which  the  Atlantic 
Palolo  swarmed. 

Date  of  the  moon's  last 
quarter. 

1898 

July  9,  10 

July  10 

1899 

*f   1,2 

June  29 

1900 

"   19 

July  18 

1902 

"  24,25,28 

"  27 

1903 

u   17 

"    17 

1905 

"  9,  10,  21,  22,  23,  24 

"   24 

1906 

"   11,12,13 

"   13 

1907 

"   2,3 

"     2 

1908 

"    10,  19 

"    19 

In  1905  about  200  worms  were  observed  swarming  on  the  morn- 
ing of  July  9,  and  a  few  freshly  laid  eggs  were  found  in  the  morning 
tow  on  July  10.  The  moon's  first  quarter  came  on  July  9,  1905.  In 
1908  the  first  quarter  of  the  moon  fell  on  July  6  and  the  last  quarter 
on  July  19,  and  in  this  year  a  very  dense  swarm  of  the  worm  came 
on  July  10,  and  none  others  until  July  19  when  a  fair  swarm  was 
seen,  after  which  the  worms  did  not  swarm  again.  It  is  evident  that 
the  worms  may  respond  to  the  first  as  well  as  to  the  last  quarter  of 
the  moon,  when  the  last  quarter  falls  late  in  July. 

This  response  to  the  first  quarter  may  be  correlated  with  the  late 
date  (July  24  and  19)  of  the  moon's  last  quarter  in  1905  and  1908; 
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but  this  explanation  is  not  wholly  satisfactory,  in  view  of  the  fact  that 
no  swarm  occurred  at  the  time  of  the  first  quarter  in  1902  when  the 
last  quarter  fell  upon  a  date  even  later  than  in  1905.  It  is  significant, 
however,  that  the  worm  may  lespond  to  the  prst  as  well  as  to  the  last 
quarter  of  the  moon ;  and  thb  b  the  more  interesting  in  view  of  the 
observations  of  Osawa  and  of  Izuka  that  the  ''Japanese  Palolo," 
Ceraiocephale  oaawai,  swarms  at  the  time  of  the  new,  and  the  fiUl 
moon. 

For  the  past  five  years  I  have  been  conducting  experiments  to 
determine  the  nature  of  the  stimulus  which  calb  forth  the  breeding 
swarm  in  the  Atlantic  Palolo.  These  experiments  are  difficult  of 
execution,  for  even  a  very  sUght  impurity  of  the  water  caused  by  lack 
of  suflBcient  space,  or  of  circulation,  will  prevent  the  swarming. 

Rocks  containing  full-grown  worms  were  placed  in  a  floating, 
wooden,  Hve-car,  and  allowed  to  remain  there  for  a  month  previous 
to  the  date  of  the  normal  swarm,  fully  exposed  to  the  moonlight,  but 
without  any  rise  and  fall  of  tide  over  them.  Under  these  conditions 
3  out  of  10  mature  worms  cast  off  their  posterior  ends  and  swarmed 
normally  within  three  days  of  the  day  of  the  last  quarter  of  the  July 
moon;  the  other  7  worms,  however,  remained  within  their  burrows 
in  the  rocks  and  failed  to  swarm. 

In  nature  all  of  the  mature  worms  swarm  at  the  annual  breeding 
period,  and  the  partial  failure  of  the  worms  to  swarm  in  the  tideless 
live-car  may  indicate  that  the  changing  pressure  due  to  the  normal 
rise  and  fall  of  tide  is  a  contributory,  but  not  a  necessary,  component 
of  the  stimulus  which  produces  the  breeding  swarm.  It  is  possible, 
however,  that  the  mere  confinement  of  the  wood-enclosed  space  of 
the  live-car  acted  injuriously  upon  the  worms  and  rendered  them  less 
sensitive  to  the  stimulus  which  produces  the  breeding  swarm.  In  any 
event,  it  b  evident  that  the  worms  can  swarm  in  an  artificial  tideless 
sea ;  and  that  the  normal  rise  and  fall  of  the  tide,  and  the  accompany- 
ing increase  and  diminution  of  pressure  oyer  the  rocks  of  the  reefs  is 
not  a  necessary  or  sole  cause  of  the  swarming. 

On  the  other  hand,  when  worm-bearing  rocks  were  placed  in 
floating  live-cars  which  were  covered  every  afternoon  before  sunset 
with  a  Ught-proof  cover,  so  that  throu^out  the  night  no  moonUght 
could  fall  upon  the  rocks,*  none  of  the  worms  swarmed.  Altogether, 
22  mature  worms  were  in  these  darkened  live-cars,  but  upon  crack- 
ing open  the  rocks  from  one  to  three  weeks  after  the  time  of  the  normal 
swarming,  it  was  seen  thai  nooe  at  them  had  cast  off  their  posterior 
segmente,  and  it  was  evident  that  they  had  not  responded  to  the 
stimulus  which  produces  the  swarm. 

Neither  did  any  worms  swarm  in  darkened  boxes  in  which  the 
tide  rose  and  fell  in  a  normal  manner,  but  it  b  possible  that  the  lack 

>  In  one  experiment  the  moonlight  was  excluded  for  thirty  nights,  and  in 
another  for  five  nights,  before  the  time  of  the  normal  swarms. 
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of  a  free  circulation  of  water  and  the  unfavorable  conditions  of  con- 
finement may  have  prevented  the  swarming  in  this  case,  although  as 
these  unfavorable  conditions  did  not  wholly  prevent  swarming  in 
open  Uve-cars,  I  am  inclined  to  believe  tiiat  the  worms  cannot  swarm 
unless  moonU^t  falls  upon  the  rocks. 

In  nature  the  worms  will  swarm  in  overcast,  or  cloudy,  as  well  as 
in  clear  weather;  so  that  even  diffuse  moonUght  appears  to  be  capa- 
ble of  calling  forth  the  swarm. 

In  the  Atlantic  Palolo  we  have  an  annual  breeding  season  of  only 
1  to  6  days'  duration,  and  the  males  outnumber  the  females  in  the 
ratio  of  about  3  to  2;  whereas  in  Nereis,  where  the  breeding  season 
is  about  100  days  in  duration,  the  males  greatly  outnumber  the  fe- 
males. It  is  evident  that  a  shortening  of  the  breeding  season  would 
cause  a  greater  concentration  of  breeding  individuab,*  and  would 
therefore  shorten  the  average  distance  that  the  spermatozoa  must 
travel  in  order  to  fertiUze  the  ova;  and  as  spermatozoa  cannot  sur- 
vive long,  this  would  be  an  advantage  to  the  species. 

We  have  advanced  beyond  the  period  in  the  history  of  biology 
when  one  had  but  to  discover  an  advantage  to  determine  a  cause; 
but  that  some  such  cause  may  have  contributed  to  shorten  the  breed- 
ing season  in  such  animals  as  the  Atlantic,  Pacific,  and  Japanese 
Palolo  worms,  is  shown  by  the  fact  that  more  eggs  are  fertilized  when 
males  are  near  the  female  than  when  they  are  far  away.  For  ex- 
ample :  I  took  a  female  Atlantic  Palolo  from  the  midst  of  the  swarm 
and  placed  her  in  sea-water  200  meters  away  from  the  nearest  swarm- 
ing males.  Of  the  eggs  which  were  laid  by  this  female  in  the  water 
removed  from  the  place  of  the  swarm,  not  one  in  a  hundred  devel- 
oped, whereas  practically  every  egg  developed  in  the  sea-water  where 
males  were  near. 

The  polar  bodies  are  given  forth  as  soon  as  the  eggs  are  cast  out 
from  the  female,  and  fertiUzation  occurs  in  the  water;  but  the  egg 
does  not  mature  if  it  be  cast  out  at  any  time  other  than  that  of  the 
normal  breeding  swarm.  When  about  10  to  15  hours  old  the  larvae 
are  nearly  all  negatively  photactic  either  in  diffuse  Ught  or  in  sun- 
light. WTien  about  28  hours  old,  however,  they  become  mainly  posi- 
tively photactic,  and  remain  thus  even  after  the  eighth  day,  when 
they  will  have  ceased  to  swim  through  the  water,  and  have  sunken 
to  the  bottom.  Within  24  hours  after  sinking  to  the  bottom,  how- 
ever, they  become  indifferent  to  Ught  in  so  far  as  their  direction  of 
movement  is  concerned. 

*  If  the  numbers  of  two  species  be  equal  each  to  each,  and  if  T  be  the  time  of 
duration  of  the  breeding  season  of  one  species,  and  t  (a  shorter  period)  be  that  of 
the  other  species,  then  m  an  area  containing  m  individuals,  the  aversige  distance 

apart  of  the  species  having  the  long  breeding  period  is  V  —r-  —  1  times  as  great  as 


in  the  species  with  the  short  breeding  season.  ^;^  —  1 
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The  segmentation  closely  resembles  that  of  Nereis  and  the  larva 
is  telotrochal. 

Further  accounts  of  the  Atlantic  Palolo  will  be  found  in  Bidl.  Mus.  Zod.y  36, 
pp.  1-14,  1900;  Science  Bull,  Mus.  Brooklyn  InsHtiUe  of  ArU  and  Sciences,  1,  No.  3, 
pp.  93-103, 1902;  Publication  No.  102;C&me^e  Institution  of  Washington,  1908. 

The  Japanese  Palolo  b  treated  of  m  detail  by  A.  Izuka;  Jour.  Coll.  Sci.  Imp. 
Univ.  Tokyo,  Vol.  17,  1903. 

The  Pacific  Palolo  has  been  treated  of  b^  numerous  writers,  the  most  im- 
portant accounts  being  those  of  Friedlander,  Bid.  Centralbl.,  18,  pp.  337-357, 1898 ; 
Collin  in  Kr&mer's  Bau  der  KoraUenriffe.  pp.  164-174,  1899;  and  Woodworth, 
American  Naharalift,  37,  pp.  875-881, 1903.  and  BvU,  M.C.  Z.,  Vol.  51,  pp.  1-21, 
1907. 
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THE  REACTIONS  OF  SARCOPHAGID   FLY-LARVAE 

TO  LIGHT 

(Abstract) 
WnJJAM  B.  HERMS 

1.  The  larvfle  of  LvcUia  cwsar,  Linne,  react  n^atively  to  day- 
light.    (V.)* 

2.  They  react  positively  to  lamplight  while  feeding.     (I,  II.) 

3.  They  react  positively  to  acetylene  gaslight  while  feeding. 
(VIII.) 

4.  Under  the  solar  spectrum  the  larvae  are  positive  to  the  red 
end,  especially  the  yellow  band,  when  given  the  choice  of  the  entire 
spectrum.     (IX.) 

5.  The  positive  reaction  to  light  is  stronger  than  the  positive 
reaction  to  food,  which  behavior  is  not  a  useful  reaction  to  the  larvae; 
in  fact,  must  be  detrimental,  as  shown  by  experiments  on  underfed 
individuals. 

6.  The  larvae  may  be  drawn  by  a  photic  stimulus  from  the  flesh 
upon  which  they  are  feeding  to  a  distance  of  at  least  16  cm.    (VIII.) 

7.  Changing  from  one  color  to  another  suddenly,  or  from  color 
to  artificial  light  (kerosene  or  acetylene  gas),  or  vice  versa,  causes 
a  negative  response,  to  which  new  condition  the  larvae  must  first 
become  accustomed  before  the  positive  response  takes  place. 

8.  The  negative  reaction  is  almost  instantaneous  while  the 
positive  reaction  requires  from  five  to  ten  minutes  usually. 

9.  The  larvae  react  positively  to  any  color  of  light  except  when 
given  choice  of  colors,  when  the  reaction  takes  place  as  (4)  above. 

10.  The  larvae  react  to  a  very  low  intensity  and  through  a  great 
range  of  intensity.  (A  paper  is  now  in  process  to  determine  the 
extremes  more  carefully.)    (I,  II.) 

11.  The  adjustment  of  the  larvae  to  the  (assumed)  exact  point 
of  strongest  illumination  is  very  striking. 

12.  The  older  the  larvae  the  less  active  is  the  positive  response  to 
artificial  light  and  the  stronger  is  the  negative  response  to  daylight 

13.  Migrated  larvae  are  n^ative  to  daylight. 

14.  Migrated  larvae  are  negative  to  artificial  light  (kerosene  and 
acetylene). 

1  The  number  in  parentheses  indicates  the  series  of  experiments  on  Ti^ch  the 
conclusion  or  statement  is  based. 


Digitized  by 


Google 


THE  REACTIONS  OF  FLY-LARVAE  TO  LIGHT         153 

15.  Migrated  larvee  show  great  activity  at  night  and  are  very 
quiet  during  the  day,  being  buried  in  the  sand  on  the  beach  or  massed 
in  the  darkest  comers  of  Sie  receptacle  in  the  laboratory. 

16.  a.  Migrated  or  migrating  larvae  are  decidedly  negative  to  the 
blue  end  of  the  spectrum.  This  would  be  expected  on  the  basis  of 
the  conclusion  as  indicated  for  reaction  to  daylight 

b.  Might  there  not  be  a  relation  between  the  bactericidal  property 
of  the  blue  end  of  the  spectrum  and  the  negative  reaction  of  sar- 
cophagid  fly-larvae  to  the  same  colors?  (See  Exp.  IX,  X,  XI.) 

17.  Migrated  larvae  are  probably  negative  to  any  color  of  the 
spectrum  moving  away  from  die  source  of  light,  but 

18.  Migrated  larvae  will  collect  on  the  side  away  from  the  source 
of  light  in  the  yellow  orange  band  when  choice  is  possible.    (X,  XI.) 

19.  The  trial  and  error  method  b  used  by  the  larvae  to  orient 
themselves.  (V.)  Orientation  becomes  more  and  more  direct  as  the 
intensity  of  the  stimulus  increases. 

20.  Their  behavior  is  not  stereotyped. 

21.  The  behavior  of  migrated  larvae  differs  from  the  behavior 
of  feeding  larvae  in  the  following  respects:  (1)  The  former  react 
more  slowly,  and  (2)  are  more  strongly  n^ative  to  daylight;  (3) 
they  are  n^ative  to  artificial  light,  while  the  latter  are  positive; 
(4)  they  are  relatively  inactive  during  the  day;  (5)  they  are  more 
strongly  negative  to  the  blue  end  of  the  spectrum. 
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AN  EXPERIMENTAL  STUDY  OP  COLOR  DISCRIMINA- 
TION, ASSOCIATION,  AND  MEMORY  IN  THE  GRAY 
SNAPPER  {LUTIANUS  GRISEUS  LINN.)  AND  OP 
WARNING   COLORATION  IN  CORAL  REEF  FISHES 

(Abbtbact) 

JACOB  REIGHARD 

I.  The  gray  snapper,  the  commonest  predaceous  fish  of  the  coral 
reefs  at  Tortu^Bus,  Florida,  was  made  the  subject  of  experiments  in- 
tended to  test  the  following  underlying  assumptions  of  the  theory  of 
warning  color  as  applied  to  coral  reef  fishes:  (1)  That  there  is  "a 
general  association  of  bright  colors  with  poisonous  or  dangerous 
qualities ''  (Beddard),  so  diat  certain  colors  in  themselves  warn  the 
predaceous  reef  fish  and  are  avoided  by  them;  (2)  That  the  pre- 
daceous species  discriminate  colors;  (3)  That  they  are  able  to  form 
associations  between  certain  colors  and  disagreeable  quaUties;  and 
(4)  To  retain  these  associations  (memory). 

The  conmionest  food  of  the  gray  snapper  in  May  or  June  is  a 
small  silvery  fish,  Atherina  laticeps  (Poey).  The  experiments  con- 
sisted in  feeing  to  the  gray  snappers  dead  Atherinas  to  which  dif- 
ferent colors  had  been  given  by  the  use  of  dyes.  The  tests  were 
made  upon  a  colony  of  one  hundred  and  fifty  snappers  entirely  at 
liberty  in  their  natural  environment  under  wholly  normal  conditions. 

1.  The  snappers  took  without  hesitation  Atherinas  when  colored 
red,  yellow,  green,  blue,  and  violet. 

2.  By  feeding  the  snappers  on  Atherinas  of  one  color  until  they' 
were  familiar  with  it,  and  then  allowing  them  a  choice  between  that 
color  and  another  and  unfamiliar  color,  they  were  found  to  discrimi- 
nate white  from  blue,  blue  from  red,  and  blue  from  yellow.  Care 
was  taken  to  eliminate  errors  due  to  differences  in  brightness-values, 
size,  position,  and  chemical  qualities  (odor  or  taste).  The  colors 
were  impure. 

3.  Red  Atherinas  were  rendered  unpalatable  by  attaching  to  each 
a  small  portion  of  a  nettle-cell  bearing  tentacle  of  the  medusa  Cassi- 
opea.  Two  hundred  and  thirty-eight  tentacled  Atherinas  were  fed  to 
atx>ut  one  hundred  and  fifty  snappers  in  one  hour  and  twenty-five 
minutes,  divided  into  two  nearly  equal  periods  separated  by  an  in- 
terval of  three  days.  Sixty  of  the  tentacled  Atherinas  (including  the 
last  sixteen)  were  refused.  That  the  association  thus  formed  was 
between  disagreeable  qualities  and  the  color  red,  and  not  between 
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disagreeable  qualities  and  the  changed  fonn  of  the  red  Atherinas  due 
to  the  attached  tentacles,  was  shown  by  the  following:  (a)  that  red 
Atherinas  without  tentacles  were  subsequently  refused,  while  (b)  white 
Atherinas  with  tentacles  were  readily  taken. 

4.  Twenty  days  after  the  red  association  had  been  formed,  red 
Atherinas  without  tentacles  were  still  absolutely  refused  by  all  the 
snappers  in  the  colony,  although  white  and  blue  were  readily  taken ; 
retention  of  a  warning  association  artificially  established. 

II.  Individuals  of  twenty  species  of  cor  reef  fishes  were  fed, 
living,  to  the  same  colony  of  snappers.  They  were  conspicuous  in 
color  and  pattern,  many  of  them  typically  "wamingly"  colored. 
All  were  readily  taken  but  one,  which  was  too  large. 

While  the  gray  snapper  is  thus  shown  to  possess  the  qualities 
necessary  to  the  establishment  of  a  warmng  reaction  (assumptions 
2,  3,  and  4),  and  while  such  a  reaction  may  be  artificially  established 
(assumption  3)  and  is  long  retained  (assumption  4),  yet  feeding  ex- 
periments furnish  no  evidence  of  the  avoidance  of  any  color  in  itself 
(assumption  1),  or  of  the  existence  in  coral  reef  fishes  of  that  combi- 
nation of  conspicuous  coloration  and  disagreeable  qualities  necessary 
to  the  theory  of  warning  color. 
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ORGANIZATION   OF  THE   GULL  COMMUNITY 
F.  H.  HERRICK 

The  common  Herring  Gull  —  Larus  argenUUtis  smithsonianvs  — 
affords  a  typical  example  of  conmiunal  life  among  birds.-  A  more 
ideal  spot  for  studying  its  behavior  could  hardly  be  found  than  at  the 
Great  Duck  Islands,  Maine,  where  my  own  observations  have  been 
chiefly  made,  where  a  great  nursery  of  this  gull,  with  a  population  of 
from  3,000  to  6,000  individuals,  old  and  young,  is  annually  maintained 
for  nearly  five  months  of  the  year. 

For  the  present  we  must  leave  in  the  background  many  curious  and 
interesting  phenomena  of  nest-life,  and  try  to  answer  the  following 
questions:  (1)  What  is  the  organization  of  the  gull  conmiunity,  and 
(2)  what  benefits,  if  any,  are  derived  from  a  conmiunal  life  ? 

As  to  methods  of  work,  it  is  suflBcient  to  say  that  my  records  and 
confirmatory  photographs,  which  could  be  extended  to*  any  limit,  were 
secured  by  means  of  the  observation  tent,  which  was  first  used  in 
1898,  and  described  in  my  work  on  "The  Home  Life  of  Wild  Birds," 
first  published  in  1901.  The  facts  herein  presented  can  be  verified 
and  expanded  only  by  use  of  the  tent,  or  some  perfect  ** blind"  for 
concealment  of  the  person,  and  by  no  other  means. 

The  herring  gull  conmiunity  is  made  up  of  family-units,  and  the 
breeding  grounds  of  family  domains,  each  of  which  I  shall  call  a 
"  preserve,"  each  pair  of  birds  choosing  their  territory  and  guarding 
it  with  relentless  vigilance.  Upon  each  preserve  are  situated :  (1)  the 
Nest,  (2)  the  Perch,  (3)  the  Feeding  Spot,  and  (4)  the  Cover  for 
the  chicks.  Each  domain  is  determined  primarily  by  the  nest,  and 
secondarily  by  the  other  elements  of  the  family  establishment.  There 
may  be  more  than  one  perch ;  feeding  spots  may  shift,  but  the  fighting 
instinct,  upon  which  the  guarding  is  based,  is  early  developed  and 
does  not  cease  until  after  the  young  take  to  the  water. 

This  gull  will  accept  strange  eggs,  but  discriminates  its  own  young 
perfectly,  at  least  when  they  have  reached  a  certain  age,  and  will 
permit  no  shuffling  of  the  chicks.  How  does  it  happen,  it  has  been 
asked,  that  so  many  of  the  older  chicks  are  slaughtered  in  every 
community  ?  This  is  due  to  the  ferocity  of  the  guarding  and  fighting 
instincts  in  the  old  birds,  and  to  a  lack  of  attunement  in  the  instincts 
of  the  young,  in  consequence  of  which  a  chick  will  occasionally  stray 
from  its  own  preserve  and  trespass  on  the  domain  of  a  neighbor.    If 
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unattended  or  if  not  watched,  the  stray  bird  is  certain  to  be  struck 
down  and  killed  in  cold  blood  on  the  spot.  One  can  walk  over  the 
breeding  grounds  and  almost  any  day  pick  up  half  a  dozen  dead 
chicks  of  various  sizes,  with  blood-stained  heads,  all  of  which  have 
been  killed  in  a  similar  manner. 

I  have  seen  a  gull  chick,  which  made  the  mistake  of  crawling  under 
a  certain  log  and  crossing  the  danger  line  of  an' adjoining  preserve, 
scalped  by  a  single  blow  from  the  bill  of  the  neighbor  whose  territory 
it  had  invaded.  Indeed,  the  brawb  and  savage  fights  which  inces- 
santly disturb  the  peace  of  the  gull  metropolis  almost  always  arise 
from  contentions  over  stray  chicks. 

The  young  gull  is  fed  by  regurgitation,  and  receives  its  first  food 
in  about  one  hour  after  birth,  or  shortly  after  drying  off,  and  at  the 
nest.  By  association  the  nest,  in  nearly  every  case,  becomes  the  first 
feeding  spot.  Later,  in  the  same  manner,  a  new  feeding  spot  may  be 
established  a  short  dbtance  away,  but  still  on*  the  preserve,  and  this  is 
likely  to  be  maintained  until  the  young  begin  to  wander  and  take  to 
the  water.  The  small,  bare,  and  soiled  patches  of  sward,  to  be  seen 
all  over  the  breeding  grounds,  are  thus  explained. 

The  perch,  such  as  a  rock  or  log,  is  simply  a  vantage  point,  adopted 
in  the  first  instance  through  convenience  for  observation,  and  even- 
tually maintained  by  habit.  Upon  thb  perch  one  of  the  adult  birds  is 
always  standing  at  guard,  or  with  seldom  an  intermission  after  the 
chicks  are  hatched.  The  preserve  is  rarely  deserted  by  both  parents 
from  the  time  of  hatching  to  a  period  when  the  chicks  have,  in  all  prob- 
ability, attained  a  considerable  size  and  are  several  weeks  old.  Upon 
the  perch  the  old  birds  perform  their  elaborate  toilets,  pulling,  comb- 
ing, erecting  and  oiling  their  feathers,  drying  off  after  their  frequent 
baths  in  the  ocean,  yawning,  gaping,  stretching,  dozing,  sleeping, 
sounding  their  alarms  and  their  far-reaching  scream  of  defiance. 
Every  departure  from  the  preserve  and  every  approach  to  it  is  by  way 
of  the  perch.  From  the  perch  the  adult  drops  to  the  ground,  wall^ 
to  the  feeding  spot,  and  calls  its  young  from  cover.  Then,  after  tan- 
talizing them  several  minutes  by  repeatedly  offering  them  sticks  and 
pulled  grass,  it  arches  its  great  neck  and  regurgitates  a  mass  of  fish, 
squid,  or  shrimp,  carefully  replacing  the  remains  of  each  meal  in  its 
capacious  pocket  of  a  stomach,  and  returns  again  to  its  perch.  The 
chicks  after  stretching  and  performing  curious  play-antics  retire  to 
their  cover  beneath  a  log  or  brush  pile,  when  not  concealed  by  tall 
grass  or  in  some  other  way,  where  they  remain  until  called  forth  again, 
in  the  course  of  half  an  hour,  for  the  next  meal.  Occasionally  the 
chicks  will  wander  over  their  domain,  but  only  when  under  the  watch- 
ful eye  of  their  parents.  At  the  age  of  about  two  or  three  weeks  at 
least  from  twenty  to  thirty  meab  are  served  daily.  Thus  the  rou- 
tine of  gull  life  goes  on,  day  after  day,  and  week  after  week,  until 
the  chicks,  now  grown  to  the  size  of  a  Plymouth  Rock  "broiler/* 
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finally  leave  their  preserve  and  under  parental  surveillance  take  to 
the  water. 

What  advantage  does  this  polity  and  organization  confer  on  the 
gull  ?  The  family  is  maintained  as  a  unit.  All  straying  of  chicks,  an 
intolerable  condition  in  any  compact  conmiunity  where  the  parents, 
which  make  long  journeys  from  home,  must  find  their  young  promptly, 
is  severely  kept  down.  The  old  gulb  do  not  even  strictly  go  to  their 
young;  they  go  to  the  preserve  and  call  their  young  to  them. 

Communal  life  in  the  gull  primarily  satisfies  a  strong  social  in- 
stinct, which  is  even  stronger  in  the  terns,  where  no  such  organiza- 
tion has  been  observed,  and  where  a  severe  penalty  is  paid  for  the  lack 
of  it,  but  it  affords  little  real  protection.  The  selection  of  islands  for 
breeding  purposes  is  a  stronger  factor  in  the  protection  of  life  than 
communal  organization,  and  this  "selection*'  has  been  probably 
effected  by  the  gradual  elimination  of  those  birds  which  persisted  in 
breeding  on  shore  where  their  nests  would  be  exposed  to  more  nu- 
merous and  more  formidable  enemies.  Again,  island  life  has  strength- 
ened their  basal  social  instincts  and  favored  concentration,  the 
number  of  suitable  islands  being  few  and  often  small. 

The  gulb,  and  especially  those  whose  nests  are  in  peril,  it  is  true, 
will  attack  a  conmion  enemy,  such  as  bird,  beast,  or  man,  with  a  cer- 
tain degree  of  concerted  action,  sounding  their  loud  alarms,  rising  and 
swooping  down  upon  the  intruder,  which  they  do  not  hesitate  at  times 
to  strike  with  both  feet.  This  display  of  pugnacity,  however,  does 
not  carry  them  very  far.  The  crow  harries  their  colonies  with  little 
effective  opposition,  and  when  greatly  disturbed  the  whole  company 
will  ascend  to  great  heights  or  go  out  to  sea,  leiaving  their  homes  and 
tender  young  to  the  mercy  of  tibe  enemy. 
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THE  VISUAL  REACTIONS  OF  THE  DANCING  MOUSE 

(Abstract) 
ROBERT  M.  YEBKES 

ExPERiiiENTSy  with  a  variety  of  methods,  have  demonstrated 
that  the  dancing  mouse  possesses  little,  if  any,  ability  to  distinguish 
the  spectral  colors;  that  red  stimulates  it  far  less  strongly  than  it 
does  the  human  being;  and  that  the  mouse  is  very  sensitive  to  changes 
in  Imninosity  (brightness).  We  may  say,  therefore,  that  it  possesses 
excellent  brightness  vision  and  little  color  vision. 

Weber's  law  holds  for  the  perception  of  differences  in  brightness. 
A  dancer  which  had  been  trained  for  several  weeks,  and  which  during 
that  time  had  almost  continuously  improved  in  its  ability  to  detect 
slight  differences  in  the  illumination  of  two  boxes,  demonstrated  its 
ability  to  discriminate  between  the  boxes  when  they  differed  in 
brightness  by  less  than  one-tenth  the  value  of  the  brighter  box. 
This  result  was  obtained  in  the  case  of  three  standard  brightness 
values :  5,  20,  and  80  hefners.  At  the  beginning  of  the  experiment 
this  individual  could  discriminate  the  brighter  box  from  the  darker 
one  only  on  the  basis  of  a  difference  of  about  one-half,  whereas  after 
about  two  thousand  tests  it  was  able  to  discriminate  with  ease  when 
the  difference  was  slightly  less  than  one-tenth.  It  is  an  interesting 
fact  that  improvement  in  brightness  vision  should  continue  through- 
out this  long  period  of  training,  and  that  it  should  reach  a  degree 
of  development  which  was  not  strikingly  different  from  that  of  human 
brightness  vision.  I  was  unable  to  discriminate  between  the  boxes 
when  they  differed  in  brightness  by  less  than  one-twentieth. 
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AN  EXPERIMENTAL  STUDY  OF  AN  UNUSUAL  TYPE 
OF  REACTION  IN  A  DOG 

(Abstract) 

G.  V.  HAMILTON 

The  problem  investigated  deab  with  the  possibility  of  there 
being  occasional  exhibitions  (in  dogs  and  other  higher  vertebrates) 
of  higher  reaction-tj^pes  than  have  been  demonstrated  thus  far  by 
the  usual  experimental  methods. 

An  animal's  desire,  under  ordinary  circumstances,  to  escape 
at  once  from  an  apparatus,  and  the  failure  of  most  experimenters  to 
provide  apparatus-situations  conducive  to  other  than  ''trial  and 
error"  modes  of  reacting,  may  be  partially  responsible  for  the  dis- 
crepancy between  the  observations  of  comparative  psychologists  and 
those  of  less  critical  observers. 

With  the  above  objections  to  existing  experimental  methods  in 
mind,  a  puppy  was  reared  in  such  a  manner  that  a  simple  cage,  from 
which  the  animal  could  release  himself  by  clawing  or  biting  objects 
suspended  from  the  sides,  became  part  of  an  attractive  situation  for 
him;  thus,  while  in  the  cage  he  was  allowed  to  chew  up  papers,  bits 
of  wood,  etc.,  and  was  fed  and  given  the  companionship  of  his 
master.  If  by  chance  he  released  himself  extra  rewards  awaited 
him,  but  failure  to  escape  did  not  mean  postponement  of  anything 
for  which  the  animal  seemed  to  have  an  immediate  desire. 

This  preliminary  work  seemed  to  be  justified  by  the  fact  that 
when  the  formal  experiments  were  begun  the  animal  showed  none 
of  the  hurried  attempts  to  escape,  and  none  of  the  fear-reactions 
that  are  more  or  less  characteristic  of  laboratory  dogs. 

The  apparatus  consisted  of  a  large  box  widi  wire-netting  sides, 
in  which  tfiere  were  four  pedals,  any  one  of  which  could  be  attached 
to  the  door-release.  The  pedals  were  labelled  with  movable  "pedal 
cards,"  each  of  which  was  given  a  distinctive  light-intensity  and 
odor  value.  During  a  given  experiment  a  sign  board,  bearing  the 
"color"  and  odor  of  the  pedal  card  on  the  attached  pedal,  was  sus- 
pended at  the  top  of  the  rear  of  the  cage.  By  observing  die  appro- 
priate order  of  attaching  the  pedals  and  distributing  the  pedal  cfi^xls, 
the  experimenter  was  able  to  render  it  impossible  for  the  animal  to 
escape  without  error  whenever  he  sought,  as  his  means  of  escape, 
the  pedal  that  had  just  released  him,  or  the  pedal  bearing  the  imme- 
diately preceding  successful  pedal  card.  Average  chance  would 
enable  him  to  escape  without  error  in  25  %  of  the  triab,  and  only 
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those  reactions  in  which  the  directing  sign-board  determined  his 
first  choice  of  pedal  would  enable  him  to  do  appreciably  better  than 
this.  There  were  sixteen  different  situations  to  be  reacted  to,  and 
the  only  factor  determinative  of  a  correct  reaction  that  they  had  in 
common  was  the  following  principle:  choose  the  pedal  whose  card 
affords  the  same  stimuli  as  the  sign-board. 

In  203  of  the  440  triak  the  animal  seemed  to  be  influenced  by 
the  formation  of  simple  associations,  and  since  the  reactions  under 
such  circumstances  were  all,  of  necessity,  incorrect,  a  far  lower  thai, 
the  average-chance  25  %  correct  reactions  would  have  resulted  had 
it  not  been  for  the  influence  of  the  directing  sign-board.  Since  the 
animal  reacted  correctly  in  27.7  %  of  the  trials,  the  above,  taken  in 
conjunction  with  the  further  analyses  of  the  tables  of  results,  seems 
to  justify  the  conclusion  that,  due  allowance  being  made  for  mere 
accident,  an  appreciable  number  of  the  correct  reactions  were  actually 
determined  by  the  presence  of  the  directing  sign-board.  During 
23  of  the  trials  the  animal's  preliminary  activities  (before  he  chose 
a  pedal  to  strike)  were  as  follows :  he  spent  several  minutes  inspecting 
alternately  the  sign-board  and  the  row  of  pedal  cards,  often  raising 
his  paw  when  he  came  to  an  unattached  pedal,  but  always  desisting, 
and  always  striking  first  and  only  the  attached  pedal.  Such  re- 
actions came  only  occasionally,  did  not  increase  in  freauency  with 
practice,  and  do  not  seem  to  have  influenced  his  usual  {trial  and 
error)  mode  of  reacting  to  the  recurring  sixteen  different  situations. 

Ainong  several  observations  which  the  experimenter  was  able 
to  make  during  the  experiments,  and  which  are  merely  recorded, 
without  any  attempts  at  interpretation,  the  animal's  right-handed- 
ness was  considered  to  be  of  sufficient  interest  to  warrant  a  brief 
reference  to  the  literature  on  this  subject,  and  to  the  fact  that  neither 
tuition,  deformity  nor  previous  injury  account  for  an  obvious  prefer- 
ence for  the  right  paw  whenever  he  is  required  to  perform  some  fairly 
difficult  act  that  calls  for  the  use  of  one  forepaw. 

Although,  for  the  sake  of  convenience,  the  writer  makes  use  of 
such  psychological  terms  as  "association"  and  "associative  memory," 
he  has  attempted  to  state  his  problem,  to  investigate  it,  and  to  in- 
terpret the  results  in  the  interests  of  an  essentially  objective  general 
problem,  which  latter  has  to  do  with  the  phylogenetic  relations  of 
reaction-types.  His  particular  viewpoint  is  that  of  the  psychiatrist 
who  seeks  points  of  contact  between  animal  reaction-types  on  the 
one  hand,  and  those  of  the  (presumably)  d^enerative  insane  on  the 
other  hand. 
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NEGATIVE  RESULTS  OF  IN-AND-IN  BREEDING 

AMONG  WILD  ANIMALS:    MENTAL  TRAITS 

OF  ORANGS  AND  CHIMPANZEES 

(Abstbact) 

W.  T.  HORNADAY 

(i)  Negative  Results  of  In-and-In  Breeding  among  Wild 
Animals.  Amongst  animal  breeders  it  is  generally  conceded  that 
when  parents  are  closely  related,  they  transmit  their  physical  defects 
and  weaknesses  to  their  offspring.  In  domestic  animals  —  and  espe- 
cially cattle  —  in-and-in  breeding  often  produces  a  greater  delicacy  of 
constitution  and  liability  to  disease. 

The  evil  results  of  in-and-in  breeding  have  been  particularly 
noticed  among  the  short-horned  cattle  tj^pes,  especially  the  members 
of  the  Bates  family  and  certain  families  of  Jerseys.  The  category 
stated  to  show  the  evil  effects  of  inbreeding  are:  decrease  in  size;  in- 
crease in  delicacy  of  constitution;  the  transmission  of  hereditary  de* 
fects;  diminution  of  procreative  powers,  and  general  deterioration. 

It  is  to  be  remembered,  however,  that  all  these  evil  results  apply 
to  domestic  animals,  especially  cattle  and  sheep;  but  it  is  also  true 
that  breeders  of  wild  animals  in  captivity  accept  for  wild  animals 
the  principles  that  have  been  observed  in  the  breeding  of  domestic 
animals.  For  this  reason,  the  owners  of  herds  of  American  bison 
have  up  to  this  time  felt  it  imperative  to  frequendy  exchange  bulb, 
and  otherwise  introduce  new  blood. 

For  a  considerable  period  the  writer  has  believed  that  among 
wild  animals  in  a  state  of  nature  the  laws  against  the  in-and-in 
breeding  of  domestic  animals  do  not  apply.  Two  striking  practical 
demonstrations  in  support  of  this  belief  have  recently  come  to  the 
writer's  knowledge.  The  first  relates  to  the  red  deer  of  New  Zealand. 
In  1862  three  animals,  consisting  of  one  male  and  two  females, 
arrived  in  New  Zealand  as  a  gift  from  the  Royal  herd  in  Windsor 
Park,  England.  Those  animals  were  set  free  in  one  of  the  forests  of 
New  Zealand.  At  this  date  —  forty-five  years  after  —  the  number 
of  red  deer  in  New  Zealand  are  variously  estimated  at  from  10,000 
to  20,000,  and  they  not  only  show  no  deterioration  whatever,  but, 
on  the  contrary,  the  measurements  of  their  antlers  reveal  finer  develop- 
ment than  can  be  found  in  the  red  deer  herds  of  Europe  anywhere 
west  of  Germany. 
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Numerous  comparative  measurements  of  antlers  from  the  red 
deer  of  New  S^ealand,  England,  Ireland,  Scotland,  Norway  and 
Spain  are  set  forth.  Photographs  of  the  antlers  of  New  Zealand 
red  deer  accompany  the  paper.  The  testimony  of  New  Zealand 
observers  is  to  the  effect  that  the  New  Zealand  red  deer  are  of  greater 
bulk  and  covered  with  longer  and  more  dense  pelage  than  the  red 
deer  of  Great  Britain. 

The  second  demonstration  is  found  in  the  fallow  deer  on  the 
Island  of  Lambay.  The  herd  started  from  three  individuak  —  a 
male  and  two  females  —  that  were  placed  upon  the  bland  fifteen 
years  ago,  since  which  time  no  new  blood  has  been  introduced.  Al- 
though the  herd  is  confined  to  a  single  square  mile  of  territory,  the 
animab  roam  entirely  free,  and  are  quite  wild.  They  never  have 
been  fed  during  the  period  mentioned.  No  animals  have  died  of 
disease,  althou^  several  have  been  killed  by  falling  over  the  cliffs. 
According  to  the  testimony  of  the  owner  of  the  bland  and  herd,  Mr. 
Cecil  Baring,  and  also  according  to  the  testimony  of  hb  game-keeper, 
—  a  man  experienced  in  the  care  of  herds  of  deer,  —  there  has  been 
no  perceptible  deterioration  of  any  kind.  The  antlers  of  members 
of  me  herd  that  have  been  killed  are  fully  as  large  as  those  of  the 
best  herds  of  England,  so  far  as  can  be  ascertained.  The  measure- 
ments of  the  antlers  show  no  deterioration  whatever. 

The  conclusion  drawn  b  that  in  a  state  of  nature  wild  animab 
do  not  deteriorate  through  in-breeding,  and  that  it  b  possible  to 
rehabilitate  a  species  with  as  few  as  th^  animab.  The  conditions, 
however,  require  an  absolutely  free  range,  proper  protection  and 
abundant  food. 

It  b  the  belief  of  the  writer  that  when  buffaloes  are  kept  in  ranges 
containing  several  square  miles  of  grazing  grounds,  herds  which  have 
been  started  with  sound  stock  do  not  require  the  introduction  of 
fresh  blood.  It  b  abo  the  writer^s  belief  diat  it  b  possible  to  save 
from  extermination  any  species  which  has  been  reduced  to  a  low 
p>oint,  provided  two  or  three  strong  and  healthy  members  of  the 
herd  are  placed  in  a  state  of  nature  where  the  food  supply  is  satis- 
factory. 

(a)  Mental  Traits  of  Orangs  and  Chimpanzees.  In  attempt- 
ing to  fathom  the  mental  capacity  and  the  mental  processes  of  animab 
generally,  there  b  the  same  superior  degree  of  interest  attaching  to 
die  study  of  wild  species  that  the  ethnologbt  finds  in  the  savage 
races  of  men  that  have  been  unchanged  by  civilization.  For  several 
reasons,  the  great  apes — and  particularly  the  chimpanzees  and 
orangs  —  are  interesting  subjects  for  psychologic  study.  Thb  is 
due  primarily  to  the  fact  that  those  animals  most  nearly  resemble 
man,  and  also  have  the  power  to  give  visible  expression  to  a  wide 
range  of  thoughts  and  emotions.  The  emotions  and  passions  ex- 
hibited by  these  animab  are  briefly  set  forth.    They  are  dbplayed 
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chiefly  by  facial  expressions;  but  in  the  case  of  the  chimpanzee, 
partly  by  the  voice.  The  voice  of  the  orang-utan  is  of  little  use.  The 
voice  of  the  chimpanzee  is  described. 

A  comparison  of  chimpanzees  with  orang-utans  leads  to  the  con- 
clusion that,  as  a  species,  the  former  are  animals  of  nervous  tempera- 
ment, while  the  latter  are  either  sanguine  or  lymphatic.  The  mind 
of  the  chimpanzee  is  alert  and  quick,  and  the  animal  performs  its 
various  acts  quickly  and  correctly.  Its  glance  is  keen,  its  mind  active 
and  its  memory  prompt. 

The  chimpanzee  is  equally  nervous  and  quick  in  temper.  Exam- 
ples of  sudden  fits  of  temper  to  which  it  is  subject  are  given.  The 
orang-utan  is  more  philosophic,  and  less  quick  to  take  offense.  It  is 
distinctly  an  animal  of  more  serene  temper  and  more  philosophic 
mind;  but  it  is  not  an  animal  of  morose  disposition,  or  of  mental 
inferiority  to  the  chimpanzee. 

Experiences  in  the  training  of  orangs  are  set  forth.  An  individual 
named  Rajah  was  a  bom  actor,  and  enjoyed  being  trained  to  play 
a  part.  By  his  performances  he  became  famous  in  the  Zoological 
Park. 

Another  individual  in  the  Zo5logical  Park,  equally  intelligent, 
was  averse  to  being  trained,  and  took  no  interest  in  it.  On  the  other 
hand,  he  was  especially  gifted  as  an  original  reasoner,  and  was  par- 
ticularly interested  in  mechanics.  He  discovered  the  use  of  the  lever 
as  distinctly  as  Archimedes  discovered  the  use  of  the  screw;  and 
afterward  his  performances  with  the  trapeze-bar  used  as  a  lever 
were  remarkable.  The  details  of  the  acts  performed  by  him  which 
illustrated  his  mental  processes  are  set  forth.  By  means  of  his  lever 
he  destroyed  many  of  the  fittings  of  his  cage. 

Orang-utans  and  chimpanzees  vary  individually  in  their  tem- 
perament and  mental  capacity  almost  as  much  as  do  human  beings. 
Several  instances  of  variation  are  cited. 
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THE  PROBLEM  OF  THE  VERTEBRATE  HEAD  IN  THE 
UGHT  OF  COMPARATIVE  ANATOMY 

(Address) 

J.  PLAYFAIR  McMURRICH 

In  the  multiplication  of  new  fields  of  inquiry  and  of  new  methods 
of  approaching  problems  the  older  fields  and  methods  are  apt  to  be 
overlooked,  the  younger  workers,  especially,  tending  to  flock  to  the 
cult  of  the  new  gods,  to  the  neglect  of  those  whom  their  fathers  wor- 
shipped. From  this  tendency  comparative  anatomy  has  undoubtedly 
suffered,  but  we  may,  I  believe,  congratulate  ourselves  that,  as  one  of 
the  oldest  departments  of  morphology,  its  loss  has  not  been  greater, 
and  that  it  still  presents  a  healthy  vitality  and  is  daily  adding  to  our 
knowledge  of  the  significance  of  structure.  That  it  has  survived  the 
attractions  of  novelty  and  is  to-day  so  flourishing,  so  associated  with 
the  names  of  workers  of  recognized  ability,  is  evidence  of  its  vitality 
and  evidence  that  it  stiU  forms  an  important  part  of  the  broader  field 
of  animal  morphology. 

It  is  pertment,  therefore,  to  consider  what  this  part  may  be,  what 
is  the  relation  of  comparative  anatomy  to  the  allied  departments  of 
morphology,  and  especially  to  the  department  of  comparative  em- 
bryology. The  formulation  of  the  Biogenetic  Law  by  Haeckel,  which 
may  be  regarded  as  a  consolidation,  in  more  general  terms,  of  the 
laws  laid  down  by  von  Baer,  turned  the  attention  of  phylogenists  very 
largely  to  comparative  embryology,  and  for  many  y^rs  it  was  the 
vogue.  Two  factors,  however,  as  time  went  on,  tended  to  detract 
from  the  popularity  of  embryology  as  an  index  of  phylogeny,  one  of 
these  being  a  positive  and  the  other  a  negative  factor.  For  as  in  their 
studies  embryologists  delved  deeper  and  deeper  into  the  mysteries  of 
development  their  problems  became  those  of  cytogenesb  rather  than 
those  of  phylogenesis  and,  gradually,  after  a  period  characterized  by 
the  vigorous  prosecution  of  cytogenetic  studies,  a  large  number  of 
embryologists  naturally  turned  to  the  study  of  morphogenesis  and 
were  led  into  the  new  field  of  experimental  zoology.    Tbis  was  the 
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positive  factor.  On  the  negative  side  was  the  gradual  appreciation  of 
the  fact  that  the  biogenetic  law,  although  an  important  philosophical 
principle,  was,  nevertheless,  inapplicable  in  many  details  of  phylo- 
genetic  importance.  In  other  words,  the  conviction  gradually  formed 
that  the  csenogenetic  modifications  of  developmental  histories  were 
frequently,  indeed  we  may  say,  were  generally  so  extensive  as  to 
obscure  beyond  certain  recognition  the  palingenetic  features,  and 
this,  combined  with  a  diminution  of  the  interest  in  the  broader  phases 
of  phylogeny,  has  led  to  a  further  decedence  from  the  ranks  of  the 
comparative  embryologists. 

It  may  be  well,  however,  to  interpose  here  a  few  words  in  defence 
of  the  Biogenetic  Law,  since  within  recent  years  it  has  more  than  once 
been  the  object  of  vigorous  attack.  It  is  going  too  far  to  claim  that  it 
is  not  a  law  at  all,  that  ontogeny  is  not  a  recapitulation  of  the  phylo- 
geny. On  the  contrary,  the  law  expresses  an  important  philosophical 
principle  without  which  the  facts  of  ontogeny  would  be  for  us  merely 
an  unorganized  mass  of  phenomena,  and  therefore  without  true 
scientific  value.  For  even  diough  we  cannot  say  that  at  any  stage  of 
its  development  the  human  embryo  is  assignable  to  the  class  Pisces, 
and  at  another  to  the  class  Reptilia  and  at  still  another  to  the  order 
Monotremata,  yet  the  mere  occurrence  of  piscine,  reptilian  and 
monotreme  characteristics  at  definite  stages  is  intelligible  only  in  the 
light  of  the  Biogenetic  Law.  We  have  expected  too  much  from 
ontogeny  in  the  way  of  a  guide  to  phylogeny,  and,  in  their  disap- 
pointment, some  have  followed  the  suggestion  of  the  advisers  of  the 
patriarch  and  have  cursed  the  law  and  forsaken  phylogenetic  em- 
bryological  studies. 

But  just  as  embryology  in  the  course  of  evolution  became  cyto- 
genetic in  its  outlook,  so  too  it  gave  rise  to  what  may  be  termed  an 
intermediate  stage,  whose  fuller  development,  however,  rather  suc- 
ceeded than  ant^ated  the  cytogenetic  stage.  I  mean  the  application 
of  embryology  to  what  may  be  termed  orgavrmorphogenesis.  The 
results  in  this  field  have  certainly  amply  justified  its  cultivation,  and 
we  are  now  in  possession  of  important  senes  of  facts  which  illuminate 
the  structure  of  adult  organs,  especially  in  the  vertebrates.  Here, 
however,  as  well  as  in  general  embryological  studies,  the  province  of 
embryology  has  been  mainly  to  reveal  the  various  processes  which  de- 
termine the  final  structure  of  an  organ  in  the  adult,  and  has  but  im- 
perfectly revealed  the  phylogenetic  history.  To  take  but  one  concrete 
example,  embryological  studies  have  revealed  most  clearly  the  struc- 
tural significance  of  the  sub-lingual  (alveolonlingual)  salivary  gland, 
demonstrating  its  composition  by  a  number  of  individual  glands, 
each  of  which  is  comparable  to  the  parotid  or  submaxillary 
gland,  but  it  cannot  be  supposed  that  the  origin  of  these  and  other 
glands  as  solid  epithelial  downgrowths  into  the  subjacent  mesenchyme 
has  any  phylogenetic  significance.    Here,  as  elsewhere,  we  are  con- 
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fronted  by  a  mingUng  of  palingenetic  and  caenogenetic  phenomena, 
the  latter  markedly  obscurmg  the  former.  Indeed,  in  some  cases  the 
obscuration  is  even  more  marked  than  in  the  case  just  mentioned.  In 
the  studies  which  for  some  time  I  have  been  carrying  on  upon  the 
phylogeny  of  the  muscles  of  the  human  antibrachium  and  cms  I  very 
soon  found  that  the  embryological  method  could  not  be  relied  upon  to 
give  a  distinct  picture  of  the  historical  development  of  the  muscles. 
Thb  b  not  the  case  with  all  muscles,  for  the  observations  of 
Lewis  *  on  the  human  embryo  have  revealed  migrations  of  muscles, 
such  as  the  pectorales,  latissimus  dorsi,  trapezius  and  the  infra-hyoid 
group,  which  are  probably  of  phylogenetic  significance.  But  the 
muscles  of  the  antibrachium  and  cms  appear  in  the  same  number 
and  with  essentially  the  same  arrangement  that  they  present  in  the 
adult,  and  all  the  complicated  phylogeny  through  which  they  have 
undoubtedly  passed  b  mdistinguishable. 

The  fact  has  not  been  sufficiently  appreciated  that  the  embryo  as 
well  as  the  adult  has  been  subject  to  the  forces  which  determine 
evolution,  and  that  thereby  the  phylogenetic  hbtory  has  become 
greatly  condensed  and  obscured.  Consequently,  while  yielding  data 
of  the  highest  importance  for  the  proper  understanding  of  adult 
stmcture,  embryology  does  not  afford  a  direct  demonstration  of  the 
phylogeny  of  the  organbm.  For  thb  more  reliable  results  are  to  be 
obtained  in  the  majority  of  cases  from  comparative  anatomy,  and  yet 
even  in  the  prosecution  of  thb  method  we  are  confronted  with  diffi- 
culties due  —  paradoxical  as  the  statement  may  seem  —  on  the  one 
hand  to  a  superabundance  of  data,  and  on  the  other  to  great  gaps  in 
the  series  at  our  dbposal.  The  adaptations  of  stmcture  are  so  mani- 
fold, the  lines  of  divergent  evolution  so  numerous,  that  the  anatombt 
must  frequently  find  himself  at  a  loss  to  say  which  of  several  possi- 
bilities represents  a  stage  in  the  phylogeny  of  a  definite  organ.  Only 
by  the  study  of  all  the  possibilities  can  the  most  probable  be  selected, 
and  even  then  we  are  handicapped  by  the  loss  of  many  important  links, 
transitional  forms  which  would  make  the  series  complete  having 
become  extinct.  No  matter  how  thorough  may  be  our  study,  how  ex- 
tensive the  series  examined,  the  gaps  which  we  must  bridge  by  con- 
jecture must  necessarily  render  phylogenetic  deductions  based  on 
comparative  anatomy  merely  tentative.  But  with  these  failings  it 
seems  that  as  a  mle  the  results  of  comparative  anatomy  as  applied 
to  phylogeny  are  more  reliable  than  those  of  embryology.  The  latter 
gives  us  unimpeachable  results  concerning  the  morphogenesis  of 
organs;  the  former,  based  as  it  b  upon  the  doctrine  of  descent  with 
modifications,  b  the  phylogenetic  method. 

But  yet,  as  G^enbaiur^  clearly  pointed  out  nearly  twenty  years  ago, 

*  Lewis,  W.  H.,  The  Development  of  the  Arm  in  Man,  Am.  Jour.  Anat.,  1, 
1902. 

'  Gegenbaur,  C,  Ontogenie  und  Anatomie  in  ihren  Wechselhezichungen  be< 
trachtet,  Morph.  Jahrbs.,  15, 1899. 
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final  results  can  only  be  obtained  by  the  combination  of  the  two 
methods.  The  biogenetic  law  imderlies  the  processes  of  ontogeny,  and 
the  results  of  comparative  anatomy  may  in  many  cases  be  corrected 
and  illuminated  by  the  results  of  embryological  studies.  The  two 
studies  must  go  hand  in  hand,  and  if  we  are  to  secure  a  clear  idea  of 
the  significance  of  structure  we  must  prosecute  with  renewed  energy 
the  field  both  of  comparative  anatomy  and  embryology. 

All  this  is  in  the  nature  of  an  explanation  and,  in  a  way,  of  an 
apology  for  directing  your  attention  to  an  attempt  to  apply  certain 
results  of  comparative  anatomy  to  the  solution  of  a  problem  which  has 
hitherto  been  attacked  principally  from  the  embryological  side,  and, 
it  must  be  confessed,  without  securing  results  altogether  satisfactory. 
I  mean  the  problem  of  the  vertebrate  head.  Certainly  it  seems  at 
first  sight  that  here,  if  anywhere,  the  imperfections  of  our  material 
must  he  a  serious  t»r  to  a  successful  application  of  the  comparative 
anatomical  method.  The  gaps  are  enormous,  it  is  true,  but  my  pur^ 
pose  is  not  to  present  a  finished  picture  of  the  evolution  of  the  verte- 
brate head,  but  rather  to  call  your  attention  to  certain  facts  of 
comparative  anatomy  whose  bearing  on  the  problem  have  not  been 
suflSciently  appreciated  and  to  present  certain  ideas  which  their 
application  to  the  problem  suggests. 

And  first  of  all  I  would  refer  to  the  doctrine  of  the  nerve  com- 
ponents, one  of  the  most  important  contributions  to  our  knowledge 
of  the  peripheral  nerves,  since  the  days  of  Bell  and  Majendie.  We  are 
accustomed  to  speak  gUbly  of  Bell's  law,  applying  it  to  the  two- 
root  conception  of  peripheral  nerves,  but,  as  a  rule,  we  overlook  the 
fact  that  Bell  was  the  exponent  of  a  three-root  idea,  recognizing, 
(1)  motor  roots  of  conmion  voluntary  motion,  (2)  sensory  roots,  and 
(3)  motor  roots  associated  with  muscles  concerned  in  respiration,  the 
assumption  of  this  third  set  of  roots  giving  historical  significance  to 
the  term  "internal  respiratory  nerve"  long  given  by  English  anato- 
mists to  the  long  thoracic.  Bell's  recognition  of  a  third  set  of  roots 
was,  however,  overshadowed  by  the  importance  of  the  distinction 
between  the  sensory  and  common  motor  roots,  and  furthermore  his 
identification  and  interpretation  of  the  third  roots  were  not  quite 
satisfactory.  He  must,  however,  be  regarded  as  the  forenmner  of 
His,  who,  on  embryological  grounds,  demonstrated  the  existence  of  a 
third  set  of  roots  in  the  cerebral  region,  characterized  both  by  their 
supply  to  the  ventral  mesoderm  of  the  head  and  by  the  location  of  their 
nuclei  of  origin.  In  the  cerebral  region  we  now  recognize  as  thoroughly 
established  the  existence  of  (1)  sensory  roots,  (2)  median  motor  roots, 
and  (3)  lateral  motor  roots. 

In  1886  Gaskell  ^  made  a  further  important  contribution  to  the 
analysis  of  the  peripheral  nerves,  recognizing  anterior,  lateral  and 

*  Gaskell,  W.  H.,  On  the  Structure,  Distribution  and  Function  of  the  Nerves 
which  innervate  the  Visceral  and  Vascular  Systems,  Jour.  Physiol.,  8,  1886. 
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posterior  sets  of  roots,  the  first  set  being  somatic  in  distribution,  the 
second  divisible  into  non-jganglionated  and  ganglionated  splanchnic 
motor  roots,  and  the  third  irlto  somatic  and  splanchnic  sensory  roots. 
Increased  knowledge  of  the  relations  of  fibres  to  cells  and  of  the 
structure  of  the  sympathetic  system  has  deprived  Gaskell's  category 
of  ganglionated  motor  roots  of  the  standing  to  which  he  assigned  it, 
but  the  recognition  of  somatic  and  splanchnic  sensory  components 
was  an  important  step  which  leads  to  the  final  establishment,  mainly 
through  the  observations  of  Strong  *  and  Herrick '  in  this  country,  of 
three  sets  of  components  in  the  sensory  cerebral  nerves,  namely  a  set 
of  somatic  components,  one  of  splanchnic  components  and  one  of 
lateral  line  components,  the  last  in  terrestrial  vertebrates  being  rep- 
resented only  by  the  acoustic  nerve. 

There  are  then  recognizable  in  the  vertebrate  cerebral  region  two 
sets  of  motor  nerve  components  and  three  sets  of  sensory  components, 
and  it  will  be  interesting  to  note  briefly  some  of  the  morphological 
relations  of  these  different  sets.  In  the  first  place  it  is  noticeable  that 
the  median  motor  components  always  occupy  an  isolated  position, 
never  being  associated  with  other  components  but  forming  independ- 
ent nerves,  such  as  the  third,  fourth,  sixth  and,  when  it  is  present  as 
a  cerebral  nerve,  the  twelfth.  On  the  other  hand  the  lateral  motor 
components  are  always  associated  with  sensory  components. 

Secondly,  while  peripherally  the  various  sensory  components  are 
associated  with  the  lateral  motor  compon^its  in  the  fifth,  seventh, 
ninth  and  tenth  nerves,  centrally  each  set  of  components  concentrates 
to  a  definite  area  of  the  brain,  the  somatic  components  to  the  lobus 
trigemini,  the  splanchnic  components  to  the  lobus  vagi,  and  the 
lateral  line  components  to  the  lobus  linese  lateralis.  In  other 
words,  while  the  sensory  components  peripherally  share  in  the  seg- 
mental distribution  of  the  lateral  motor  components,  their  central 
terminations  give  no  evidence  of  a  corresponding  segmental  arrange- 
ment. 

Thirdly,  the  lateral  motor  components  are  supplied  to  the  muscles 
of  the  branchial  arches,  which,  as  von  Wijhe  long  ago  pointed  out, 
are  derivatives  of  the  ventral  mesoderm.  The  development  of  these 
muscles,  their  primary  constrictor  arrangement,  and  their  supply  by 
the  lateral  motor  components  indicate  that  they  belong  to  an  entirely 
different  category  from  the  somitic  muscles  supplied  by  the  median 
motor  components.  And,  furthermore,  both  embryology  and  com- 
parative anatomy  present  strong  evidence  that  the  branchiomerism 
IS  something  primarily  quite  distinct  from  the  general  metamerism 
of  the  body,  and,  as  will  be  seen  later  on,  probably  antedates  it  so  far 
as  the  head  region  is  concerned. 

*  Strong,  O.  8.,  The  Cranial  Nerves  of  Amphibia,  Jour,  Morph,,  10,  1895. 
'  Herrick,  C.  J.,  The  Cranial  and  First  Spinal  Nerves  of  Menidia,  Jour, 
Comp.  Neurol,  9,  1899. 
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And,  fourthly,  there  must  be  mentioned  the  lack  of  segmental 
harmony  in  the  dorsal  and  ventral  roots  of  the  spinal  nerves  of  the 
lower  vertebrates.  This  is  a  point  to  which  too  little  attention  has 
been  paid  by  the  embryologists,  who  have  worked  with  the  two-root 
plan,  the  usually  accepted  law  of  Bell,  before  their  eyes  and  have 
endeavored  to  reduce  the  cerebral  nerves  to  conformity  with  the  ap- 
parent two-rooted  condition  shown  by  the  spinal  nerves. 

Each  of  these  four  points,  it  seems  to  me,  has  its  own  profound 
significance  in  connection  with  the  problem  of  the  vertebrate  head, 
and  first  of  all  the  bearing  of  the  last-mentioned  point  may  be  con- 
sidered. To  avoid  too  great  monopolization  of  your  time  I  may  omit 
a  thorough  consideration  of  the  composition  of  the  nerve  roots  in  the 
lower  vertebrates  and  consider  only  that  of  Branchiostoma,  a  form 
which,  from  the  time  of  Kowalewsky's  epoch-making  observations 
upon  its  embryology,  must  be  taken  into  consiv^eration  in  all  discus- 
sions of  the  vertebrate  head.  As  is  well  known,  ti^ere  are  in  this  form 
two  separate  and  distinct  sets  of  nerve  roots,  one  arising  from  the 
dorso-lateral  portion  of  the  central  nervous  system  and  the  other  from 
the  more  median  ventral  portions.  The  latter  roots  are  distributed  to 
the  metameric  muscles  and  may,  therefore,  at  once  be  regarded  as 
representatives  of  the  median  motor  components  of  higher  forms,  but 
with  regard  to  the  dorsal  set  of  roots  the  matter  is  not  so  plain.  This 
much  is  certain,  however,  that  they  consist  largely  of  sensory  com- 
ponents, some  of  which  are  distributed  to  the  external  integument  and 
others  again  to  the  visceral  epithelium  (Heymans  and  Van  der  Stricht)^ 
and  we  may  therefore  assume  that  these  components  represent  the 
two  principal  sets  of  sensory  components  of  the  vertebrates,  namely 
the  somatic  sensory  and  the  splanchnic  sensory.  But,  furthermore, 
fibres  from  the  dorsal  roots  also  penetrate  the  substance  of  the  trans- 
verse muscle  ''and  end  there  in  a  more  or  less  marked  enlargement, 
analogous  to  the  termination  of  nerve  fibres  in  smooth  muscles'' 
(Heymans  and  Van  der  Stricht).  Unfortunately  we  are  not  yet  in 
possession  of  definite  information  as  to  the  embryological  origin  of 
this  musculature,  but  it  is  noteworthy  that  it  presents  certain  features 
in  common  with  the  labial  and  visceral  muscles  and  seems  to  belong  to 
the  category  of  these  rather  than  to  the  somitic  musculature.  If  this 
be  correct  then  the  motor  components  which  occur  in  the  dorsal  roots 
may  be  regarded  as  representatives  of  the  lateral  motor  components  of 
higher  forms,  and  the  dorsal  roots  are  therefore  composed  of  somatic 
sensory,  splanchnic  sensory  and  lateral  motor  components,  as  has  been 
maintained  on  other  grounds  by  J.  B.  Johnston.' 

The  existence  of  distinct  dorsal  and  ventral  roots  in  Branchiostoma 

^  Heymans,  J.  F.,  and  Van  der  Stricht,  O.,  Sur  le  syst^me  nerveux  p^riph^ri- 
que  de  ramphioxus  et  en  particulier  sur  le  constitution  et  la  gendse  dee  racines 
sensibles.    Mem,  CouronrUs  Acad.  Roy.  Belgiqttef  57,  1897. 

'  Johnston,  J.  B.,  The  Cranial  and  Spinal  Ganglia  and  the  Visoero-motor 
Roots  in  Amphioxus.    Biolog,  BuU,,  9,  1905. 
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and  Petromyzon  and  the  peculiarities  which  the  roots  present  in  even 
higher  forms  indicate  clearly  the  primitive  distinctions  of  the  two 
roots,  and  if  the  conclusions  drawn  above  as  to  the  composition  of  the 
dorsal  root  of  Branchiostoma  be  correct,  we  are  confronted  by  an 
interesting  similarity  between  it  and  the  cerebral  nerves  which  possess 
lateral  motor  components,  namely  the  trigeminus,  facialis  and  glos- 
sopharyngeo-vagus.  Far  then  from  the  cerebral  nerves  presenting 
a  highly  modified  arrangement  as  compared  with  the  spinal  nerves, 
they  have  preserved  more  perfectly  the  primary  arrangement,  a  set  of 
roots  consisting  of  somatic  sensory,  splanchnic  sensory  and  lateral 
motor  components,  quite  separate  and  distinct  from  a  set  of  median 
motor  components  represented  by  the  third,  fourth,  sixth  and  twelfth 
nerves.  Instead  then  of  attempting  to  reduce  the  cerebral  nerves  to 
the  type  of  the  spinal,  our  object  should  be  to  analyze  the  spinal  nerves 
to  the  type  of  the  cerebral. 

The  fibres  which  arise  from  the  anterior  horn  cells  of  the  cord  seem 
beyond  question  to  be  identical  with  the  cerebral  median  motor  com- 
ponents, a  transition  between  the  two  being  afforded  by  the  fibres  of 
the  hypoglossal  nerve,  these  being  primarily  spinal  fibres,  which  have 
secondarSy  become  cerebral  by  the  taking  up  of  the  scleromeres  to 
which  they  correspond  into  the  occipital  region  of  the  skull.  The 
position  of  their  nuclei  of  origin  and  their  comparative  anatomical  and 
embryological  history  is  ample  evidence  of  their  homodynamy  with, 
on  the  one  hand  the  anterior  horn  neurones  of  the  spinal  cord  and  on 
the  other  the  median  motor  nerves  of  the  cerebral  region.  So,  too, 
there  is  little  difficulty  in  recognizing  in  the. dorsal  roots  of  the  spinal 
nerves  representatives  of  the  somatic  and  splanchnic  sensory  com- 
ponents of  the  cerebral  nerves.  But  with  the  lateral  motor  compo- 
nents the  case  is  not  so  simple.  It  has  been  shown,  however,  that 
the  colunm  of  cells  from  which  the  white  rami  communicantes  take 
their  origin,  situated  in  the  intermediate  region  of  the  spinal  cord,  is 
continued  forwards  in  the  lower  vertebrates  into  the  nuclei  of  origin 
of  the  motor  fibres  of  the  glossopharyngeo-vagal,  facial  and  trigeminal 
nerves,  and,  furthermore,  the  fact  that  the  distribution  of  the  sympa- 
thetic neurones,  with  which  the  white  rami  communicate,  is  to  the 
ventral  mesoderm,  just  as  is  that  of  the  lateral  motor  components  of 
the  cerebral  nerves,  these  facts  indicate  an  equivalency  of  the  rami 
commimicantes  and  the  efferent  sympathetic  neurones  with  the  cere- 
bral lateral  motor  components.  Certain  apparent  difficulties  stand  in 
the  way  of  this  homology,  it  is  true,  such,  for  instance,  as  the  fact  (1) 
that  the  musculature  supplied  by  the  sympathetic  fibres  are  entirely 
non-striated  while  those  supplied  by  the  cerebral  lateral  motor  com- 
ponents are  striated,  and  (2)  that  while  the  cerebral  components  ter- 
minate directly  upon  the  muscles,  a  second  peripheral  neurone 
intervenes  between  the  white  rami  fibres  and  the  end  organ.  The 
first  named  difficulty  cannot  be  considered  a  serious  one,  since  it 
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seems  clear  that  the  difiFerence  between  non-striated  and  striated 
musculature  b  a  functional  rather  than  a  morphological  one;  wit^ 
ness  the  occurrence  of  striated  fibres  in  the  rapidly  contracting  ad- 
ductor muscle  of  Pecten  and  the  occurrence  of  only  non-striated 
fibres  in  the  slowly  contracting  adductor  of  Ostrea.  The  second 
difficulty  may  be  more  serious,  but  until  we  know  more  as  to  the 
processes  determining  the  linking  together  of  neurones  we  are  unable 
to  estimate  its  importance.  In  the  meantime  the  evidence  at  our  dis- 
posal points  strongly  to  the  equivalence  which  is  being  discussed, 
and  it  may,  with  some  reservation,  be  accepted.  The  association  of 
the  white  rami  fibres  with  the  median  motor  components  in  the 
higher  forms  seems  clearly  a  secondary  phenomenon  in  yiew  of  what 
has  already  been  pointed  out  regarding  the  primary  association  of 
the  visceral  motor  components  with  the  dorsal  roots,  and  the  egress 
of  the  roots  of  the  accessory  nerve  from  the  sides  of  the  cord  is  evi- 
dence of  the  possibility  possessed  by  nerve  fibres  of  altering  their 
course,  the  accessory  nerve  being  undoubtedly  a  downward  prolon- 
gation of  the  lateral  motor  component  of  the  vagus  nerve. 

I  shall  not,  however,  occupy  your  time  by  discussing  this  question 
more  fully.  I  have  tried  to  show  that  the  spinal  nerves  present  essen- 
tially the  same  components  as  the  cerebral  (leaving  the  lateral  line  and 
special  sensory  components  out  of  the  question),  and  furthermore 
that  there  is  a  primary  and  fundamental  independence  between  the 
somatic  and  splanchnic  motor  components^  this  independence  being 
most  perfectly  retained  in  the  cerebral  nerves  of  the  higher  forms. 
One  other  point,  already  suggested,  may  also  be  recalled,  namely, 
that  the  central  arrangement  of  the  cerebral  sensory  components  being 
non-metameric  is  an  indication  that  primarily  the  cerebral  region  was 
non-metameric.    The  mere  suggestion  of  such  an  idea  is,  I  am  aware, 

3uite  sufficient  to  cause  some  to  regard  me  as  having  taken  up  a  resi- 
ence  in  partibvs  infidelibuSy  but  I  make  the  suggestion  with  a  due 
appreciation  of  the  embryological  existence  of  neuromeres  and  of  head 
cavities.  I  have  already  pointed  out  the  existence  of  branchiomerism 
in  the  cerebral  region,  but  this  is  something  quite  apart  from  what  we 
speak  of  as  metamerism,  and  affects  only  the  ventral  mesoderm  and 
the  parts  associated  with  it.  Metamerism  on  the  other  hand  in  the 
vertebrates  affects  the  dorsal  mesoderm  and  the  parts  associated  with 
it  and  perhaps  also  the  intermediate  cell  mass,  the  ventral  meso- 
derm, endoderm,  and  the  central  nervous  system  presenting  no  traces 
of  metamerism  other  than  what  may  have  been  secondarily  imposed 
upon  them  by  the  metamerism  of  the  dorsal  mesoderm. 

We  have  seen  that  the  lateral  or  splanchnic  motor  components 
of  the  head  are  probably  represented  in  the  trunk  region  by  the  white 
rami  communicantes  and  the  efferent  sympathetic  fibres,  and  a  mo- 
ment may  profitably  be  spent  in  considermg  the  distribution  of  the 
sympathetic  system  in  the  lower  vertebrates.    It  b  a  pomt  of  some 
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importance,  perhaps,  as  bearing  upon  the  equivalency  just  mentioned, 
that  in  the  lower  forms  the  sympathetic  system  does  not  extend  into 
the  head  region ;  that  is  to  say  the  cephalic  sympathetic  ganglia  have 
not  yet  differentiated  from  the  posterior  root  ganglia,  and  furthermore, 
the  very  embryological  origin  of  the  sympathetic  ganglion  cells  from 
the  posterior  root  ganglia  may  be  of  no  little  significance  in  connection 
with  what  has  alr«idy  been  said  as  to  the  primary  association  of  the 
visceral  motor  components  with  the  sensory  components.  But  it  is 
to  the  limitations  of  the  sympathetic  system  posteriorly  that  I  wish 
to  direct  your  attention  just  now.  In  the  Selachians  some  small 
ganglia  have  been  found  in  the  posterior  part  of  the  abdomen,  but 
there  b  no  continuation  of  the  system  in  the  form  of  ganglia  or  cords 
into  the  caudal  region  (Chevrel) ;  *  in  Anunocetes  Julin  ^  found  the 
last  pair  of  sympathetic  ganglia  to  be  situated  some  distance  in  front 
of  the  cloacal  aperture,  tUs  being  at  the  level  of  the  70th  pair  of  spinal 
nerves,  while  the  last  sympathetic  ganglia  was  at  the  level  of  the  64th 
nerve;  and  in  Branchiostoma  the  last  visceral  branches  given  off  from 
the  dorsal  roots  are  distributed  to  the  neighborhood  of  the  abdominal 
pore  (Heymans  and  Van  der  Stricht):^  In  the  teleosts  and  in  higher 
forms  the  sympathetic  trunks  are  continued  into  the  caudal  region, 
but  in  the  lower  forms  this  is  not  the  case,  and  in  these  therefore  the 
body  may  be  divided  into  an  anterior  region  characterized  by  pos- 
sessing both  motor  components,  and  a  posterior  or  caudal  region 
possessing  only  somatic  components. 

We  have  evidence  then  in  living  vertebrates  of  a  backward  ex- 
tension of  the  splanchnic  motor  components  and  the  splendidly  sug- 
gestive work  of  Furbringer  *  on  the  spino-occipital  nerves  has  given 
clear  demonstration  of  a  forward  migration  of  the  mesodermic  somites 
with  their  accompanying  somatic  motor  components,  a  demonstration 
which  must  stand  as  one  of  the  most  important  contributions  to  ver- 
tebrate morphology  of  the  closing  decades  of  the  nineteenth  century. 
Adding  to  these  important  indications  the  primary  distinction  of  the 
somatic  and  splanchnic  components,  may  we  not  go  a  step  further  and 
picture  as  the  ancestral  vertebrate  a  Protochordate  in  which  the 
distinctions  of  the  two  sets  of  components  was  more  marked  topograph- 
ically, one  in  which  no  migration  backwards  of  the  one  or  forwards  of 
the  other  had  yet  taken  place.  The  body  of  such  a  form  would  pre- 
sent an  anterior  portion  containing  the  entire  visceral  mass,  possessing 
branchiomerism  but  no  metamerism,  and  an  unsegmented  portion  of 
the  central  nervous  system  from  which  arose  nerves  containing  somatic 
or  cutaneous,  splanchnic,  and  lateral  line  sensory  components  and 

*  Chevrel,  R.,  Sur  Panatomie  du  systdme  nerveiix  grand  sympathique  des 
EHasmobranches  et  des  Poissons  osseux.    Arch.  Zool.  exp^,  et  a&n,^  (2)  5  bis.  1887. 

*  Julin,  C,  Le  systdme  nerveux  grand  sympathique  de  rAminocoetes  (Pet- 
romyzon  Planeri).    Anal,  Anxeiger^  2,  1887. 

*  hoc,  cit, 

<  Fttrbringer,  M.,  Ueber  die  spino-occipitalen  Nerven  der  Selachier  und  Hol- 
ocephalen  undihre  vergleichende  Morphologie.  Festschrift  fdr  Gegenbaur,  3, 1896. 
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lateral  motor  components;  and  a  posterior  region  destitute  of  viscera, 
possessing  metamerism  and  a  portion  of  the  central  nervous  system, 
also  unsegmented,  from  which  arose  median  motor  components. 

It  may  not  be  amiss  to  state  here  that  I  started  upon  the  line  of 
thought  presented  in  this  address  in  the  endeavor  to  find  an  ex- 
planation for  the  occurrence  of  the  two  sets  of  motor  components  in 
the  cerebral  region  and  without  definite  expectation  as  to  what  it 
might  lead  to  in  connection  with  the  question  of  the  phylogeny  of  the 
vertebrates.  I  have  presented  the  linfcs  of  my  argument  in  essentially 
the  order  in  which  they  originally  occurred  to  me,  and  I  may  say,  in  all 
candor,  that  the  hypothetical  ancestral  protochordate  to  which  they 
led  was  a  surprise  to  me  in  its  remarkable  resemblance  to  the  tunicate 
appendicularian  larva.  The  assumption  of  such  a  form  as  typical  of 
the  ancestral  vertebrate  is  no  new  idea,  but  the  difficulties  in  perceiving 
how  such  a  form  could  be  transformed  into  the  apparently  completely 
metameric  vertebrate  have  always  been  a  stumblmg-block  in  the  way 
of  its  general  acceptance.  But  if  we  accept  the  idea  of  a  migration  of 
one  region  over  the  other,  indications  of  whose  occurrence  are  before 
us,  it  is  not  difficult  to  imagine  the  development  of  a  Branchiostoma, 
and  by  the  later  degeneration  of  the  anterior  somites,  of  whose  occur- 
rence we  have  also  clear  indications,  the  transition  to  the  vetrebrates 
proper  is  comparatively  simple. 

It  is  impossible  on  an  occasion  such  as  the  present  to  enter  into 
a  discussion  of  the  multiplicity  of  details  which  are  essentially  con- 
nected with  such  a  question.  It  would  be  interesting  to  consider  the 
structure  of  the  central  nervous  system  and  of  the  skull  in  the  light  of 
the  suggestion,  and  to  refer  to  the  remarkable  recession  of  organs, 
seen  m  the  ontogeny  of  the  higher  vertebrates,  to  the  distribution  of 
the  vagus  nerve  and  to  the  numerous  cephalic  somites  described  in 
Torpedo  embryos  by  G.  Killian  and  Dohrn.  And  on  the  other  hand 
I  have  purposely  avoided  the  discussion  of  many  difficulties,  many  of 
them  apparent  rather  than  real,  which  will  readily  occur  to  any  one, 
such  for  instance  as  that  offered  by  the  development  of  the  eye  muscles. 
This  and  many  another  question  will  need  further  examination  before 
its  bearing  on  the  suggested  ideas  can  be  properly  appreciated.  My 
object  has  not  been  to  establish  a  phylogeny  for  the  vertebrates,  but 
merely  to  direct  your  attention  to  the  results  of  the  application  oif  the 
comparative  anatomical,  deductive,  or  analytic  method  to  the  problem 
of  the  vertebrate  head,  and,  incidentally,  to  suggest  a  possible  phylo- 
geny for  the  vertebrates  which  results  from  the  line  of  thought  fol- 
lowed. When  the  deductive  method,  as  in  the  present  instance,  leads 
one  step  by  step  to  a  form  approximately,  indeed  we  may  say  remark- 
ably, repfresented  by  existing  organisms,  its  results  are  certainly 
worthy  of  very  serious  consideration,  and  it  is  on  this  ground  that  I 
have  ventured  to  present  them,  heterodox  though  they  may  be  in  the 
opinion  of  many. 
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UEBER  DAS  ALLGEMEINE  VORKOMMEN  DER  KRAUSE'- 
SCHEN  MEMBRAN  UND  DES  STREIFENS  Z  BEI 
QUERGESTREIFTEN  MUSKELFASFJIN 

STEPHAN  APATHY 

Wahrend  das  Vorkommen  von  quergestreiften  Muskelfasern  bei 
den  verschiedensten  Typen  des  Thierreichs  seit  langer  Zeit  bekannt 
war,  gait  die  ICrause'sche  Membran,  beziehungsweise  der  Streifen  Z 
fUr  eine  besondere  Eigenthiimlichkeit  der  quergestreiften  Muskel- 
fasern der  Chorda  ten  und  der  Arthropoden.  Noch  im  Jahre  1900 
stellte  Prenant  in  dieser  Hinsicht  die  Muskelfasern  der  Chordaten 
(mit  Ausnahme  der  Tunicaten)  und  der  Arthropoden  denen  der 
iibrigen  Wirbellosen  entgegen.  Bereits  damals  hatte  ich  in  Ver- 
bindung  mit  Herm  Ian  Boeke  aus  Amsterdam,  welcher  zu  jener 
Zeit  bei  mir  in  Kolozsvar  arbeitete,  Untersuchungen  angefangen,  um 
die  Krause'sche  Membran  und  den  Streifen  Z  aueh  bei  anderen  Wir- 
bellosen nachzuweisen.  Und  wir  konnten  in  der  That  in  Praparaten 
von  Sagitta  und  Pecten,  die  Boeke  nach  meinen  Anweisungen  dar- 
gestellt  hatte,  die  Krause'sche  Membran  und  den  Streifen  Z  deutlich 
differenziren.  Da  aber  Boeke  zu  anderen  Studien  iiberging  und  ich 
die  Beobachtungen  noch  weiter  fortsetzen  woUte,  so  blieben  unsere 
damaligen  Resultate  unveroffentlicht. 

Erst  nachher  erfuhr  ich,  das  O.  Nasse  schon  vor  langer  Zeit  ahn- 
liche  Angaben  machte  und  das  Vorhandensein  der  Krause'schcn 
Membran  auch  bei  Medusen,  namentlich  bei  Carmarina,  behauptete 
und  Muskelfasern  von  Carmarina  mit  dem  Streifen  Z  sogar  ab- 
bildete.  Dadurch  wurde  ich  angeregt,  mein  besonderes  Augenmerk 
auf  Carmarina  zu  richten,  umsomehr,  als  es  bei  der  Technik  und  den 
angewandten  optischen  Hilfsmitteln  von  Nasse,  namentlich  bei  der 
von  ihm  benutzten  Beleuchtung  mit  engem  Beleuchtungskegel  kei- 
neswegs  ausgeschlossen  schien,  dass  das,  was  er  als  Streifen  Z  (Krau- 
se'sche  Membran)  beschrieb,  ein  optisches  Kunstprodukt  gewesen  ist. 
Neben  Carmarina  habe  ich  in  dieser  Hinsicht  schon  1901  auch 
Tunicaten,  besonders  die  im  (jolfe  von  Napoli  so  gewohnlichen, 
grossen  Salpen  eingehend  untersucht.  Ich  habe  sowohl  bei  Car- 
marina als  auch  bei  Salpen  die  Krause'sche  Membran,  beziehungs- 
weise den  Streifen  Z  im  reinen  Farbenbilde,  mit  Ausschluss  einer 
jeden  Moglichkeit  von  Tauschung  nachweisen  konnen.  Leider  kam 
ich  bis  jetzt  noch  nicht  dazu,  meine  Beobachtungen  zu  veroffent- 
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lichen,  die  ich  allmahlich  auf  beinahe  allerlei  wirbellose  Thiere  mit 
quergestreiften  Muskeln  ausdehnte. 

Im  Jahre  1904  beriehtigte  Prenant  seine  frliheren  Angaben 
dahin,  dass  die  Krause'sche  Membran  bei  Pecten  und  Sagitta  doch 
vorkomme,  bei  Tunicaten  aber  entschieden  fehle.  Er  habe  sie 
dort  trotz  sorgfaltigster  Untersuchung  nicht  finden  konnen.  Medu- 
sen  hatte  er  nicht  untersucht. 

Es  sei  mir  nun  gestattet,  Einiges  von  meinen  beziiglichen  Be- 
obachtungen  hier  kurz  zusammenzufassen.  Ausser  wegen  der  kurz 
bemessenen  Zeit,  will  ich  besonders  desshalb  kurz  sein,  weil  es  mir 
diesmal  hauptsachlich  darauf  ankommt,  die  Zwischenscheibe  bei 
Pecten,  Sagitta,  Salpa  und  Carmarina,  bei  welchen  sie  verhaltniss- 
massig  am  leichtesten  nachweisbar  ist,  zu  demonstriren.  Von  an- 
deren  Wirbellosen,  bei  denen  ich,  natUrlich  ausser  bei  sammtlichen 
Klassen  der  Arthropoden,  die  Zwischenscheibe  nachgesehen  zu 
haben  glaube,  besitze  ich  keine  so  beweisende  Praparate,  wie  von 
den  eben  erwahnten  Thieren.  Namentlich  ist  es  mir  bis  jetzt  nicht 
gelungen,  befriedigende  Praparate  von  der  Herzmuskulatur  der 
Pulmonaten  darzustellen,  obwohl  hier  die  Querstreifung  sonst  recht 
deutlich  zu  sehen  ist. 

Die  Ursache  davon,  dass  die  nun  zu  demonstrirende  Zwischen- 
scheibe frliheren  Beobachtem  entgangen  war,  suche  ich  darin,  dass 
sie  in  der  That  nur  bei  gewissen  Contractionszustanden,  und  zum 
Theil  selbst  dann  nur  mit  den  besten  Linsen  und  bei  geeigneter 
Farbung  und  Beleuchtung,  zu  sehen  ist.  Man  muss  im  Praparate 
Muskelfasem,  welche  sich  im  Zustande  grosster  Streckung  befinden, 
suchen.  Nur  in  solchen  ist  der  Zwischenraum  zwischen  dem  Streifen  Z 
und  den  zwei  benachbarten  Querscheiben  gross  genug,  um  die  Zwi- 
schenscheibe als  solche  in  der  Mitte  der  stets  viel  schwacher  gef arbten 
oder  farblosen  isotropen  Scheibe  zwischen  je  zwei  Querscheiben  leicht 
zu  erkennen.  In  contrahirten  Muskelfasem  kann  man  besonders 
bei  Sagitta  und  Salpa  nur  Querscheiben  und  Contractionsscheiben 
unterscheiden.  Nach  starker  Farbung  mit  den  gewohnlichen  Hama- 
tin-  und  Carminlosungen  oder  auch  Nachvergoldung,  beziehungs- 
weise  nach  der  Heidenhain'schen  Eisenhamatoxylinfarbung  sieht 
man  hier  nur  die  dUnnen,  aber  dunkelgefarbten  und  scharf  gezeich- 
neten  Gontractionsstreifen,  welche  die  sonst  homogen  aussehenden 
Myofibrillen  kreuzen.  Bei  Carmarina  habe  ich  die  Bildung  eines  so 
ausgepragten  Contractionsstreifens  nicht  gesehen;  es  bleibt  immer 
ein  weniger  gefarbter,  im  reinen  Farbenbilde  hellerer  Zwischenraum 
zwischen  je  zwei  Querscheiben ;  aber  hier  ist  die  Zwischenscheibe  so 
zart,  dass  es  doch  einer  grosseren  Entfemung  der  Querstreifen  von 
einander  bedarf,  um  zwischen  ihnen  die  sehr  zarte  und  schwer  farb- 
bare  Zwischenscheibe  im  reinen  Farbenbilde,  welches  allein  beweis- 
kraftig  ist,  unterscheiden  zu  konnen. 

Bei  Pecten  kann  man  die  Zwischenscheibe  auch  in  dickeren, 
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z.  B.  10  M  dicken  Schichten  von  Muskelsubstanz  gut  unterscheiden. 
Bei  Sagitta  und  Salpa  ware  dies  nicht  moglich.  Bei  Salpa  bildet 
zwar  die  contractile  Substanz  des  einzelnen  Muskelbandes  eine  nicht 
einmal  2  /a  dicke  corticale  Schichte,  und  das  ganze  Muskelband  ist 
auch  nicht  iiber  10  fi  dick;  aber  auch  die  Medullarsubstanz  des 
Muskelbandes  farbt  sich  bei  den  von  mir  versuchten  Tinctionen  in 
der  Weise  mit,  dass  eine  optische  Analyse  des  ganzen  Muskelbandes 
immoglich  wird.  Bei  Carmarina  bildet  die  contractile  Substanz 
diinne  (oft  kaum  iiber  1  /*  dicke),  dicht  gelagerte  Leisten  von  etwa 
5  /i  Hohe,  wekhe  vertical  auf  der  Flache  des  Muskelepithels  stehen. 
Hier  ist  schon  die  Schichte  von  contractiler  Substanz,  welche  die 
contractilen  Lebten  bUden,  viel  zu  dick,  um  eine  genaue  optische 
Analyse  im  reinen  Farbenbilde  zuzulassen.  Als  das  einfachste  Mittel, 
um  ein  Praparat,  in  der  Richtung  der  optischen  Achte  des  Mikro- 
skops  genug  diinne  Schichten  contractiler  Substanz  zu  bekommen, 
erweist  sich  bei  Salpa  das  mechanische  Trennen  der  contractilen 
Corticalsubstanz  von  der  Medullarsubstanz,  und  bei  Sagitta  und 
Carmarina  das  ebenfalls  mechanische  Isoliren  und  Umlegen  der 
contractilen  Leisten.  Beides  erreichte  ich  dadurch,  dass  ich  kleine 
Strickchen  der  gefarbten  Muskulatur  in  dickem  Gummisyrup  unter 
dem  Deckglase  einfach  zerrieb.  Bei  Sagitta  kommt  man  allerdings 
auch  dadurch  schon  zum  Ziel,  dass  man  grossere  Stricke  des  Haut- 
muskelschlauches  abpreparirt  und  flach  ausgebreitet,  einschliesst. 
An  solchen  Stricken  findet  man  leicht  Stellen,  wo  die  contractilen 
LfCisten  niedriger  sind,  sich  in  einiger  Lage  und  im  nothwendigen 
Contractionszustande  befinden. 

Die  Zwischenscheibe  erscheint  bei  Pecten,  Sagitta,  Salpa  und 
Carmarina  im  reinen  Farbenbilde  als  ein  sehr  diinner,  vollkommen 
glatter,  nicht  gekomter  Streifen  in  der  Mitte  des  hellen,  ja  farblosen 
Zwischenraumes  zwischen  je  zwei  aufeinander  folgenden  Quer- 
scheiben.  Dieser  Zwischenraum  kann  bei  Pecten  bis  zu  4/*,  bei 
Sagitta  und  Salpa  bis  2  /i  breit  sein ;  bei  Carmarina  misst  er  kaum  1/i. 

Bei  Pecten  kann  man  in  den  Muskelfasem,  in  giinstigen  Fallen, 
auch  etwas  wie  eine  Mittelscheibe  und  Nebenscheiben,  bei  Sagitta 
und  Salpa  eine  schwache  Andeutung  von  einer  Mittelscheibe,  bei 
Carmarina  aber  ausser  den  Querscheiben,  den  isotropen  Scheiben 
und  der  Zwischenscheibe  nichts  weiter  wahmehmen. 

Ich  unterschied  vorhin  die  ICrause'sche  Membran  und  die  Zwi- 
schenscheibe oder  den  Streifen  Z.  Ich  halte  nahmlich,  mit  einigen 
anderen  Autoren,  die  Krause'sche  Membran  fiir  einen  Bestandtheil 
der  interfibrillaren  Muskelfasersubstanz,  die  Zwischenscheibe  aber 
fiir  einen  Bestandtheil  der  Myofibrille,  beziehungsweise  des  Muskel- 
saulchens.  Die  Krause'sche  Membran  bleibt  als  solche  auch  in 
jenen  Contractionszustanden  der  Muskelfaser  erhalten,  wo  die 
Zwischenscheibe  infolge  der  Bildung  der  Contractionsscheibe  als 
.solche  nicht  unterscheidbar  ist.     Nur  kann  man  die  Krause'sche 
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Membran  zwischen  den  Myofibrillen  der  contrahirten  Faser  etwas 
schwer  sehen,  weil  die  Myofibrille  im  Contractionszustand  dicker, 
durch  gewisse  Farbemittel  viel  intensiver  farbbar  und  der  interfi- 
brillare  (vom  Sareoplasma  eingenommene)  Raum  entspreehend 
enger  wird.  Dies  kann  so  weit  gehen,  dassdie  eiilzelnen  Myofibrillen 
gar  nicht  mehr  zu  unterseheiden  sind  und  die  contractile  Substanz 
nicht  einmal  langs  gestreift,  sondem  ganz  homogen  aussieht.  An 
der  Peripherie  der  Faser,  namentlich  wo  es,  wie  bei  Insekten,  eine  gut 
ausgebildete  Sarcolemma  giebt,  kann  man  die  ICrause'sche  Membran 
auch  im  contrahirten  Zustande  des  Muskels,  stets  in  Zusanunenhang 
mit  dem  Sarcolemma,  gut  beobachten. 

Bei  Pecten  kann  man  Krause'sche  Membran  und  Zwischen- 
scheibe  im  nicht  contrahirten  Zustande  wohl  unterseheiden.  Bei 
Sagitta,  Salpa  und  Carmarina  ist  dies  nicht  moglich.  Jedenfalls 
enthalt  die  Medullarsubstanz  der  rohrenformig  aufgebauten  Muskel- 
faser  von  Salpa  und  Sagitta  keine  der  Krause'schen  Membran 
entsprechende  Differenzirung.  Richtiger  ausgedriickt,  so  ist  die 
Muskelfaser  von  Salpa  ein  plattgedriickter,  an  beiden  Seiten  aufge- 
schlitzter  Schlauch,  und  die  Muskelfaser  von  Sagitta  ein  gegen  die 
Coelomhohle  zu  offener,  mit  der  offenen  Seite  dem  Peritonealepithel 
aufliegender  Schlauch,  im  wesentlichen  so,  wie  die  Muskelfaser  von 
Ascaris,  nur  dass  bei  Sagitta  die  zur  Schlauchoberfiache  ebenfalls 
radiar  gestellten  contractilen  Leisten  weniger  dicht  gelagert  sind. 
Und  auch  bei  Sagitta  kann  man  Spuren  von  sehr  feinen,  fibrillaren 
Gebilden  zwischen  den  contractilen  Lebten  wahmehmen,  wie  ich  bei 
Ascaris  in  sehr  starker  Ausbildung  beschrieben  hatte.  Gregenwartig 
bin  ich  geneigt  anzunehmen,  dass  ein  Theil  der  von  mir  bei  Ascaris 
beschriebenen  und  von  Groldschmied  nachuntersuchten  Fibrillen  den 
Stiitzfibrillen  der  Krause'schen  Membran  entspricht. 

Das  Gesagte  kurz  noch  einmal  zusanmiengefasst,  so  glaube  ich 
annehmen  zu  diirfen,  dass  die  Zwischenscheibe  ein  allgemeiner 
Stricherbestandtheil  der  quergestreiften  Myofibrille  ist.  Ich  glaube 
sogar,  dass  die  ganze  Querstreifung  eine  Folge  der  durch  das  Auf- 
treten  des  Streifens  Z  eingelisteten  Segmentirung  der  Myofibrille 
ist,  welcher  Segmentirung  eine  Segmentirung  des  ganzen  Korpers 
der  Muskelfaser  durch  die  Krause'sche  Membran  gefolgt  ist,  eine 
siebartig  durchlocherte,  von  besonderen  Stiitzfibrillen  durchwobene, 
dichtere  Protoplasmaschichte. 
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L'INFLUENCE  DU  REGIME  ALIMENTAIRE  SUR  LA 
FORME  DES  VILLOSITfiS  INTESTINALES 

PIERRE  REVILUOD 

Au  cours  d'une  ^tude  sur  les  variations  de  structure  de  I'intestin 
sous  I'influence  du  regime,  nous  avons  fait  quelques  observations  sur 
la  forme  des  villosit^s,  dont  nous  donnons  ici  les  r&ultats. 

Ces  reeherches  ont  6t6  faites  sur  le  rat,  mus  rattus  var.  albinos; 
cet  animal  omnivore  se  pr6te  assez  bien  a  ce  genre  d'exp^riences 
et  ne  souffre  pas  trop  d'un  ehangement  de  regime,  il  pr^sente  k 
V6tat  nonnal  un  syst^me  de  villosit^s  fixe  et  bien  diff^renci^. 

Au  pylore  la  limite  entre  I'estomac  et  le  duodenum  est  trte  franche, 
en  m^me  temps  qu'apparait  brusquement  dans  la  sous  muqueuse 
Tamas  des  glandes  de  Brunner,  les  villosit&  prennen  naissance  sous 
la  forme  de  longues  lames  peu  ^lev^,  dont  le  bord  superieur  est 
irr^guli^rement  festonn^.  Transversales  et  serr^  les  unes  contre 
les  autres,  elles  s'^tendent  sur  cinq  centimetres  environ  puis  dis- 
paraissent  pour  laisser  la  place  a  des  villositfe,  plus  courtes,  un  peu 
plus  larges  que  hautes,  arrondies  et  dont  le  bord  superieur  pr&ente 
une  ^hancrure  au  milieu. 

Ces  villosit&i  trfes  typiques,  d6jk  d^crites  par  differents  auteurs, 
se  rencontrent  dans  le  duodenum  et  le  jejunum;  dans  Tileon  elles 
s'abaissent  peu  a  peu  et  se  transforment  prfes  du  caecum  en  petites 
cretes  triangulaires  peu  nombreuses. 

A.  Nous  avons  soumis  un  couple  de  Rats  au  regime  exclusif  du 
kit,  ainsi  que  les  sept  petits  issus  de  ce  couple.  Les  cinq  individus 
que  nous  avons  sacrifi^  jusqu'^  maintenant,  soit  un  de  premiere 
et  quatre  de  seconde  g^n^ration,  agfe  de  trois  a  douze  mois  ont  pr6- 
sent^  la  m^me  ruction  au  regime  lactd.  Au  pylore  nous  trouvons 
longues  decretes,  mais  plus  ^lev^  que  celles  des  Rats  normaux  et 
tr^  d^oup^  donnant  Tillusion  d'une  s^rie  de  villosit6s  reli^  par 
leurs  bases.  Ces  cretes  ne  persistent  pas  longtemps,  car  a  trois 
centimetres  d^ja  du  pylore,  le  duodenum  est  tapiss^  de  villositfe 
tr^s  ^lev^  et  ^troites,  arrondies  au  sommet;  par  ci  par  la  une  large 
villosit^  semi  lunaire  nous  rappelle  que  nous  avons  affaire  h  un  rat 
adulte.  En  effet,  ces  villosit^s  sont  trfes  semblables  a  celles  que  Ton 
trouve  chez  les  individus  agfe  de  20  jours;  a  cet  age  le  Rat  com- 
mence k  se  nourrir  seul,  ses  villosit&i  duodenales  sont  ^troites  et 
hautes  avec  une  base  assez  large. 
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Le  kit  constitue  dans  I'intestin  un  milieu  semi  solide  semi  liquide 
dans  lequel  les  villosit^  pouvait  conserver  une  forme  ^lev^  et  une 
grande  surface  d'absorption.  La  similitude  dans  la  forme  des  vil- 
losit^s  de  nos  Rats  experiments,  adultes  et  de  celles  de  jeunes  Rats 
encore  dans  la  periode  de  lactation  est  manifeste.  Cependant  nous 
devons  mentionner  une  difference  dans  le  duodenum  sup^rieur.  En 
effet,  chez  les  jeunes  a  la  place  des  crfites  pyloriques  nous  trouvons 
des  villositS  cylindriques  en  forme  de  doigts  de  gant. 

A  la  naissance  et  pendant  les  premiers  jours  Tiutestin  tout  entier  est 
tapiss^  par  ces  villositfe  cylindriques  qui  peu  k  peu  sont  remplac^es 
par  celles  que  nous  avons  d^rites  chez  le  Rat  ag^  de  15  k  25  jours, 
et  qui  persistent  done  jusqu'a  ce  moment  dans  le  duodenum  sup^ 
rieur.  Nous  insistons  sur  le  fait  que  seub  les  trfes  jeunes  individus 
possMent  des  villositS  cylindriques  sur  toute  la  longueur  de  I'intestin. 
Bujard  *  qui  attribue  cette  forme  k  Taction  du  regime  lact^  Ta  trou- 
v^  chez  le  Cobaye,  le  Lapin,  le  Chat,  mais  chez  des  individus 
nouveau-n&  ou  ag&  de  quelques  jours  seulement.  Nous  pensons 
done  que  le  regime  du  lait  tend  k  donner  aux  villositS  une  forme 
AeY6e  mais  plate;  et  que  la  forme  cylindrique  est  la  caract^ristique 
de  rintestin  du  nouveau  n^,  intestin  qui  n'a  pas  encore  fonctionn^. 

Ce  n'est  gufere  q\x*k  quarante  centimfetres  du  pvlore  que  les  villositfe 
tendent  k  s'abaisser,  mais  elles  restent  un  peu  plus  ^lev^  que  celles 
du  Rat  normal  jusqu'au  caecum. 

B.  La  nourriture  vdg^tale  a  consists  principalement  en  pommes 
de  terre,  carottes  et  salades. 

Nous  avons  examine  les  villositfe  d'une  dizaine  d'individus  de 
premiere,  deuxifeme  et  troisifeme  generations  dont  Tage  variait  de 
5  mois  a  1  an  et  plus.  Au  pylore  nous  trouvons  des  crates  identiques 
k  celles  du  Rat  normal.  Le  duodenum  ne  prfeente  pas  une  reaction 
aussi  uniforme  que  ce  n'dtait  le  cas  pour  le  regime  lact^. 

Chez  une  femelle  de  2*  generation  les  villosit^s  se  sont  transformees 
au  point  de  ressembler  aux  villositfe  des  Rats  nourris  au  lait.  Chez  la 
plupart  des  autres  Rats  v^getariens  les  villosit^s  se  sont  allong^es 
tout  en  restant  assez  larges ;  le  bord  superieur  s'est  accru  d'un  c6te 
en  accentuant  la  fossette  m6diane,  ce  qui  donne  une  forme  irregulifere 
k  la  villosite  et  la  rapproche  de  celles  que  Bujard  a  d^crites  chez  le 
Mouton.  Cette  forme  est  trfes  r^pandue  chez  les  Rats  vegetariens, 
et  se  rencontre  jusqu'a  40  centimfetres  du  pylore,  mais  elle  est 
accompagn^e  de  villosit^s  plus  basses  ou  plus  arrondies  donnant 
k  la  muqueuse  un  aspect  tr^  bigarre. 

En  se  rapprochant  du  caecum  toutes  ces  villositfe  s'abaissent  et 
donnent  lieu  aux  petites  cretes  triangulaires  normales. 

C.  Le  regime  came  fut  compose  de  viande  de  Cheval  crue. 
Une  dizaine  de  Rats  de  deux  generations  a  6t6  examinee.    Au  pylore, 

^  Bujard,  E.  Sur  les  villosit^s  intestinaleB.  Bibliographie  anatamique, 
Fasc.  4,  T.  14,  1905. 
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les  longues  crfetes  accentuent  encore  leur  caractfere  et  fonnent  des 
rubans  tr^  peu  ^ev&,  a  bord  sup^rieur  peu  festonn^.  Ces  rubans 
atteignent  une  longueur  considerable,  faisant  presque  le  tour  complet 
de  Tintestin ;  ils  persistent  jusqu'a  dix  centimetres  du  pylore.  Plus 
loin  les  villosit&  se  raccoureissent  mais  conservent  leur  forme  ruban^, 
le  bord  sup^rieur  est  un  peu  plus  festonn^.  A  25  centimetres  du 
pylore  un  intestin  de  Rat  carnivore  de  2  generation  prdsente  le 
mgme  aspect  que  I'intestin  d'un  Rat  normal  au  pylore.  Get  allonge - 
ment  se  r^percute  aussi  sur  les  villosit^s  de  Tilebn  sup^rieur  qui  ont 
Taspect  de  petits  rubans  ou  de  petits  triangles  a  angle  tr^s  obtus. 

Ce  caractfere  trfes  particulier  des  Rats  carnivores  est  surtout  accuse 
chez  les  individus  de  2*°**  generation;  chez  ceux  de  1*"  generation 
les  villosites  sont  aussi  allongees  mais  leur  bord  superieur  est  plus 
decoupe,  elles  ont  ainsi  Taspect  d'un  groupe  de  villosites  soudees 
les  unes  aux  autres. 

Nous  devons  mentionner  quelques  exceptions.  Certains  indi- 
vidus presentaient  des  villositls  normales  ou  plus  eievees;  pour 
expliquer  ce  fait  nous  devons  anticiper  sur  les  resultats  obtenus  sur 
la  variation  de  la  longueur  de  I'intestin. 

L'intestin  de  la  plupart  des  Rats  carnivores  s'est  allonge;  or  il 
se  trouve  que  c'est  precisement  ceux  qui  ont  fait  exception  a  cette 
r^gle  qui  n'ont  pas  non  plus  modifie  leurs  villosites. 

Dans  les  ouvrages  generaux,  on  attribue  aux  Carnivores  un  intestin 
court  et  de  longues  villosites  autres  part  les  auteurs  modernes  qui 
se  sont  plus  specialement  occupes  de  cette  question  comme  Benoit  S 
Bujard,  etc.,  trouvent  chez  les  Carnivores  des  villosites  eievees,  plus  ou 
moins  digitiformes  et  dans  le  duodenum  des  villosites  rubanees. 

D'aprfes  nos  observations  c'est  le  duodenum  qui  s'allonge  sous 
['influence  d'une  nourriture  carnee.  C'est  done  le  regime  villeu 
pylorique  qui  se  prolonge  sur  une  grande  longueur  de  Tintestin. 

Du  reste  les  villosites  rubanees  compenseraient  la  longueur  du 
tube  digestif,  cette  forme  etant  a  nos  yeux  bien  moins  aptes  a  Tab- 
sorption  que  des  villosites  plus  eievees ;  elles  ont  une  surface  d'absorp- 
tion  relativement  petite  et  ne  rempHssent  pas  le  lumen  de  Tintestin. 

lia  forme  des  villosites  dans  cette  dernifere  experience  est  done 
dependante  en  premier  lieu  de  la  longueur  de  Tintestin  et  n'est 
qu'indirectement  le  resultat  du  regime  alimentaire.  Nous  pouvons 
egalement  mentionner  que  les  Rats  nourris  au  kit  avaient  un  intestin 
trfes  court,  ce  qui  explique  le  petit  nombre  des  villosites  pyloriques  (le 
duodenum  superieur  etant  raccourci  d'autant)  ainsi  que  la  hauteur  et 
la  surface  des  villosites  duodenales.  La  dependance  de  la  forme  de  la 
villosite  a  la  longueur  de  Tintestin  pent  aussi  expliquer  les  differences 
que  Ton  trouve  chez  des  individus  d'une  mtoe  espfece  dont  le  regime 
villeux  est   moins  specialise  que   chez   le  Rat,  comme  I'a  signaie 

*  Benoit,  O.  Contribution  d  V^iude  de  la  muqueuae  intestindle,  Paris.  1891. 
40  ThAse. 
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Bujard  pour  le  Cobaye  et  le  Mouton,  ces  differences  seraient  dues  au 
ddveioppement  plus  ou  moins  grand  de  I'intestin. 

En  resumS.  —  1.  Nous  pouvons  dire  que  le  duodenum  est  la  partie 
de  rintestin  la  plus  active  dans  Tabsorption,  parce  que  c'est  elle  qui 
pr^sente  les  variations  les  plus  intenses  sous  Tinfluence  d'un  change- 
ment  de  regime ;  les  villosit^  y  sont  plus  d^velopp^  que  dans  Tileon. 
Dans  rileon  inferieur  Tabsorption  est  presque  termini,  les  villosit^s 
sont  trfes  semblables  chez  des  Rats  astreints  aux  divers  regimes  et 
m6me  chez  des  animaux  appartenant  a  des  classes  diff^rentes. 

2.  Dans  le  duodenum  sup^rieur,  pr^  du  pylore,  les  villositfe  ont 
une  forme  ruban^  trhs  particuli^re  qui  se  retrouve  chez  tons  les  Rats 
soumis  a  n'importe  quel  regime,  et  que  les  auteurs  ont  d&rite  dans 
le  duodenum  sup^rieur  de  Mammiferes  carnassiers,  rongeurs,  herbi- 
vores, etc.  La  forme  de  ces  villositfe  et  leur  resistance  a  la  variation 
indiquent  que  Tabsorption  a  ce  niveau  n'a  pas  encore  lieu. 

3.  Le  regime  du  lait  r^duit  beaucoup  le  nombre  des  villosit^s 
pyloriques;  il  donne  aux  villosit^s  de  la  plus  grande  partie  de  I'in- 
testin une  forme  elanc^e  semblable  a  celles  du  jeune  Rat  dans  la 
periode  de  lactation. 

4.  Le  regime  v^getarien  agit  surtout  sur  les  villositds  duodenales 
qui  s'allongent  aussi,  se  d^coupent  irrdguliferement,  rappelant  les 
villosites  du  duodenum  et  de  Tileon  sup^rieur  du  Mouton. 

5.  I-iC  regime  carn^  donne  a  I'intestin  un  aspect  plus  uniforme, 
toutes  les  villositfe  diminuant  leur  surface  pour  prendre  une  forme 
ruban^e  du  pylore  jusqu'au  caecum. 

6.  La  forme  des  villosit^s  des  Rats  soumis  au  regime  lacte,  est  dfie 
a  la  consistance  semi  solide  semi  liquide  du  lait  dans  I'intestin,  ainsi 
qu'Jt  sa  valeur  alimentaire  qui  reclame  une  grande  surface  d'absorp- 
tion.  La  forme  gr^le  et  irr^gulifere  des  villosit^s  des  Rats  herbivores 
r^sulte  de  Taction  m^canique  des  r^sidus  insolubles  de  la  nourriture 
v^getale  et  de  la  pauvrete  nutritive  des  aliments  qui  composent 
celle  ci.  La  forme  des  villositfe  des  Rats  carnivores  constitue  une 
reaction  a  la  longueur  exag^r^e  de  I'intestin  diminuant  ainsi  la  surface 
absorbante  de  cet  organe. 
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A  NEGLECTED  POINT  IN  THE  QUADRATE  PROBLEM 

J.  S.  KINGSLEY 

The  problems  of  the  homologies  of  the  quadrate  in  the  vertebrate 
phylum  and  the  origin  of  the  mammals  are  apparently  closely  con- 
nected, and  the  solution  of  the  one  will  probably  throw  considerable 
light  on  the  other.  Concerning  the  origin  of  the  mammals  there  are 
two  prominent  antagonistic  views.  According  to  the  one,  advocated 
by  most  comparative  anatomists  and  paleontologists,  the  mammals 
have  descendeid  from  the  theromorphous  reptiles;  the  other,  supported 
chiefly  by  embryologists,  would  ascribe  to  them  an  amphibian  ancestry. 

The  latter  view  would  recognize  the  quadrate  bone  of  the  lower 
vertebrates  in  the  middle  bone  of  the  ear  chain,  the  incus,  while 
most  paleontologists  who  advocate  the  reptilian  parentage  think  they 
have  proof  of  the  disappearance  of  the  quadrate  in  the  glenoid  fossa. 
A  third  idea,  with  little  evidence  to  support  it,  is  that  the  quadrate 
has  become  transformed  into  the  mammalian  annulus  tympanicus. 

The  strongest  argument  against  the  amphibian  ancestry  is  that 
this  homology  of  quadrate  and  incus  involves  the  loss  of  the  hinge  of 
the  jaw  between  quadrate  (incus)  and  articulare  (malleus),  and  the 
formation  of  a  new  articulation  between  the  squamosal  (temporal) 
and  the  condyle  of  the  lower  jaw. 

It  is  admitted  that  this  difficulty  is  great,  but  the  object  of  this 
paf>er  is  to  point  out  that  all  must  meet  a  closely  similar  difficulty,  and 
that  the  shifting  of  the  hinge  from  one  point  to  another  must  occur 
whether  we  assume  a  theromorph  or  an  amphibian  ancestry. 

In  the  lower  vertebrates,  as  has  just  been  said,  the  hinge  of  the  jaws 
lies  between  quadrate  and  articulare.  These  two  elements  are  formed 
from  the  cartilages  of  the  mandibular  arch,  the  quadrate  arising  from 
the  hinder  end  of  the  upper  (pterygoquadrate)  half,  the  articulare 
from  the  hinder  end  of  the  lower  or  Meckelian  moiety. 

In  the  development  of  the  mammal  the  Meckelian  cartilage  is  well 
formed,  but  its  hinder  end  has  at  no  time  any  connection  with  the  de- 
finitive hinge  of  the  adult,  but  extends  below  and  to  a  point  behind  the 
articular  condyle  and  the  glenoid  fossa.  Hence  the  homologue  of  the 
articulare  cannot  occur  at  the  definitive  hinge  of  the  adult.  Now,  if 
we  assume  that  the  quadrate  has  moved  forward,  from  its  primitive 
position  in  relations  with  the  articulare,  to  the  glenoid  fossa  to  take 
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up  articular  relations  with  the  condyle  of  the  lower  jaw,  we  must  ex- 
plain the  loss  of  the  hinge  between  quadrate  and  articulare  and  the 
formation  of  the  new  hinge  with  all  its  intermediate  steps^  —  an  expla- 
nation which  apparently  involves  as  many  and  as  great  difficulties  as 
the  alternative  view.  It  may  be  said  that  similar  difficulties  pertain  to 
the  view  which  would  recognize  the  quadrate  in  the  tympanic. 
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ON    THE   ORIENTATION   OP   GYROCOTYLE   AND   OP 
THE   CESTODE   STROBILA 

CHARLES  ATWOOD  KOFOID  AND  EDNA  EARL  WATSON 

The  endoparasitic  and  attached  mode  of  life  of  the  cestode  stro- 
bila  precludes  the  adoption,  in  general,  of  the  customary  criterion, 
that  of  direction  of  locomotion,  in  the  determination  of  its  fundamental 
planes  of  symmetry. 

The  usual  custom,  as  reflected  in  all  general  treatises,  has  been  to 
regard  the  scolex  or  attached  end  as  the  anterior  one  and  the  free  end 
of  the  strobila  as  posterior.  G>nflicting  views  have  long  existed  as  to 
the  orientation  of  the  various  genera  of  the  monozoic  cestodes,  the 
Cestodaria  of  Monticelli,  and  the  homologies  of  their  various  organs, 
especially  of  those  at  the  two  poles.  Braun  (:01)  in  his  Thierreich 
monograph  has  treated  these  questions  of  Cestodarian  orientation  as 
still  open,  and  Benham  (:01)  has  also  recently  suggested  the  possi- 
bility that  the  scolex  of  the  merozoic  cestode  is  posterior,  in  accord 
with  the  earlier  views  of  Grassi,  Perrier  and  Blanchard. 

The  cephalization  of  the  central  nervous  system  in  the  scolex  of 
the  merozoic  cestode,  its  large  mass  and  great  structural  differentia^ 
tion,  have  given  substantial  support  to  the  morphological  conception 
of  the  scolex  as  the  head  or  anterior  end  of  the  strobila. 

The  diversity  of  reproductive  structures  among  the  monozoic  ces- 
todes and  the  added  facts  that  they  bear  an  organ  of  attachment  or 
rosette  at  one  end  and  a  sucker-like  acetabulum  at  the  other,  and 
that  the  main  longitudinal  strands  constituting  the  central  nervous 
system  are  enlarg^,  differentiated  and  connected  by  commissures  at 
both  ends,  have  created  a  situation  in  which  the  evidence  derivable 
from  this  more  primitive  section  of  the  group  of  cestodes  has  not  only 
not  clarified  our  morphological  conceptions  of  the  group,  but  has 
rather  added  to  the  confusion. 

The  occurrence  of  the  primitive  monozoic  cestode  Gyrocotyle  in 
Chimaera  coUiei  at  San  Diego  has  enabled  the  writers  to  examine  the 
orientation  and  movements  of  the  living  worm,  and  to  make  an  ex- 
haustive study  of  its  structure,  especially  of  its  nervous  system.  Pecu- 
liar interest  attaches  to  this  unsegmented  endoparasite,  both  from  its 
structure  and  from  the  fact  that  its  known  hosts  are  the  ancient 
group  of  chimaeroid  fishes. 

Gyrocotyle  occurs  in  the  spiral  valve  of  Chimaera,  attached  by  its 
posterior  end  which  terminates  in  the  rosette  or  scolex,  while  its  ante- 
rior end  is  free,  is  exceedingly  mobile  and  bears  a  sucker-like  organ. 
In  all  observed  cases  the  wprm  lies  with  its  ventral  face  against  the 
mucosa  of  the  intestinal  wall  to  which  the  rosette  is  attached.  Its 
orientation  in  attachment  thus  corresponds  to  that  of  the  heterocoty- 
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lean  trematode.  The  face  here  defined  as  ventral  is  the  one  which 
the  animal  always  turns  to  the  substratum  when  it  is  normally  active. 
It  possesses  the  heavier  musculature  and  more  abundant  nerve  sup- 
ply, and  does  not  bear  the  uterine  pore,  which  is  dorsal,  but  does  bear 
the  vaginal  pore.  The  ventral  surface  as  here  defined  has  hitherto 
been  regarded  as  dorsal. 

Upon  detachment  from  the  intestinal  wall  the  rosette  end  re- 
mains relatively  quiescent,  while  the  acetabular  end  continues  to  be 
exceedingly  active  in  exploring  movements,  is  directed  anteriorly  in 
well-defined  progressive  locomotion  and  leads  in  all  righting-up  move- 
ments in  dorso-ventral  re-orientation  after  the  worm  has  been  over- 
turned. It  is  therefore  functionally  the  anterior  end  of  the  worm. 
The  rosette  end,  on  the  other  hand,  lacks  exploring  movements  beyond 
a  slight  rolling  from  side  to  side  and  contraction  waves  in  its  frills.  It 
never  leads  in  locomotion,  except  when  shoved  backward  by  the 
doubling  under  of  the  active  acetabular  end.  The  rosette  or  scolex 
end  is  therefore  at  the  posterior  end  of  the  body  in  Gyrocotyle.  Inci- 
dentally sloughing  off  begins  on  the  rosette  when  the  worm  is  kept  in 
culture  media,  long  before  it  does  upon  the  acetabular  end. 


Fig.  1. 
This  orientation  is  strongly  supported  on  morphological  grounds, 
in  the  first  place,  by  the  discovery  of  two  pairs  of  abundantly  in- 
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nervated  antero-lateral  sensory  areas  comparable  in  structure  and 
location  with  similar  areas  in  planarians  and  some  heterocotylean 
trematodes.  There  is  one  pair  of  antero-lateral  pits  at  the  bottoms  of 
which  lie  flat  sensory  plates,  and  a  pair  of  sensory  areas  (Fig.  1,  sens, 
area)  in  the  form  of  papillae  or  ridges,  which  lie  in  Gyrocotyle  on  the 
lateral  margins  of  the  circular  opening  into  the  blind  cavity  of  the 
acetabulum.  They  are  thus  in  the  region  thrust  forward  in  locomo- 
tion and  in  exploring  movements. 

In  the  second  place,  the  structure  of  the  central  nervous  system 
affords  morphological  support  to  the  orientation  here  proposed.  In 
Gyrocotyle  there  are  (Fig.  1)  two  main  longitudinal  laterally  placed 
connectives  (lot,  conn.)  and  several  secondary  ones  (not  shown  in 
the  figure)  joined  anteriorly  just  behind  the  acetabulum  by  a  heavy 
bridge  commissure  {ajit.  bridge  comm.).  The  ganglionic  mass  of  this 
commissure  is  connected  with  the  anterior  sensory  areas,  and  lateral 
connectives  join  it  to  an  anterior  ring  commissure  {ant.  ring  comm.)  at 
the  anterior  end  of  the  acetabulum. 

The  two  longitudinal  nerves  are  united  posteriorly  by  a  second 
transverse  commissure  {post,  bridge  comm.),  enlarged  laterally  in 
ganglionic  masses,  posterior  to  which  the  longitudinal  strands  each 
subdivide  first  into  two  then  four  posteriorly  continued  branches  {lot. 
conn.)  which  are  distributed  in  the  rosette.  These  branches  are  con- 
nected by  two  ring  commissures,  an  irregular  proximal  one  {prox.  ring 
comm.)  near  the  level  of  the  ganglia  and  a  distal  one  {dist.  ring  comm.) 
in  the  rosette. 


Fig.  2. 
The  similarity  of  this  nervous  system  in  its  ground  plan  to  that  of 
the  heterocotylean  trematode,  for  example  that  of  Tristomum  mohe 
(Fig.  2),  as  described  by  Lang  ('80)  is  at  once  apparent.  The  anterior 
commissure,  sensory  branches,  main  and  secondary  longitudinal 
nerve  strands,  the  eight  posterior  branches  and  one  ring  commissure 
are  all  represented.    In  Gyrocotyle  we  add  only  the  deUcate  median 
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portion  of  the  posterior  bridge  commissure  and  a  second  ring  commis- 
sure, which,  if  not  present  in  the  trematode,  may  well  have  arisen  in 
Gyrocotyle  in  correlation  with  the  increased  mass  and  complexity  of 
the  posterior  musculature  of  the  rosette-like  organ  of  attachment. 

The  structure  of  the  nervous  system  and  the  position  and  inner- 
vation of  the  organ  of  attachment  thus  homologize  unmistakably  with 
the  corresponding  features  of  the  heterocotylean  trematode,  provided 
we  regard  the  rosette  of  Gyrocotyle  as  posteriorly  located  and  thus 
homologous  with  the  posterior  sucker  which  is  also  the  organ  of  attach- 
ment of  the  trematode. 


ridge  comm. 
.ringc 


rbiieomm. 


FlQ.  3. 

A  close  comparison  of  the  nervous  system  of  the  posterior  end  of 
Gyrocotyle  with  that  of  the  organ  of  attachment  or  scolex  of  the  mero- 
zoic  cestode  as  figured  by  Tower  (:00)  for  Moniezia  (Fig.  3)  is  most 
instructive  in  developing  the  striking  resemblance  in  the  main  struc- 
tural elements  of  which  the  two  are  composed,  and  the  close  resem- 
blance of  the  relations  of  the  parts  in  the  two  worms.  In  both  types 
of  cestodes  tliere  are  main  and  secondary  longitudinal  nerve  trunks 
which  lead  to  the  base  of  the  organ  of  attachment,  and  here  the  main 
trunks  expand  in  bilateral  ganglionic  masses  which  in  the  globular 
scolex  of  merozoic  cestodes  are  closely  joined  in  the  median  line,  but 
in  the  broader  body  of  Gyrocotyle  are  more  widely  separated  and 
united  by  only  a  slender  commissure.  In  both  also  there  are  two  ring 
commissures,  —  a  proximal  one  near  the  level  of  the  bilateral  ganglia, 
and  a  distal  one  at  the  base  of  the  frill  of  the  rosette  or  scolex.  In  both, 
also,  there  are  eight  irregular  anastomosing  longitudinal  connectives, 
which  in  Gyrocotyle  join  the  two  ring  commissures,  but  in  Moniezia 
are  grouped  in  two  sets,  —  a  dorsal  and  a  ventral  pair  which  connect 
the  two  rings,  and  two  medio-lateral  pairs  which  run  from  the  bilateral 
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ganglia  to  the  distal  ring.  This  difference  is  not  fatal  to  the  homology 
of  the  eight  connectives  in  the  two  cestodes,  for  we  may  regard  the 
medio-lateral  pairs  in  Moniezia  as  carried  in  upon  the  bilateral  ganglia 
from  the  proximal  ring  in  the  process  of  centralization  of  the  gan- 
glionic masses  in  the  globular  scolex  of  the  merozoic  cestode. 

If  this  close  resemblance  of  the  nervous  svstem  of  the  posteriorly 
located  rosette  organ  of  attachment  of  the  monozoic  cestode  Gyroco- 
tyle  with  that  of  the  scolex  of  the  merozoic  cestode  has  any  morpho- 
logical significance  at  all  it  unmistakably  indicates  their  homology. 
The  evidence  from  the  movements  of  the  living  worm  and  from  the 
comparison  of  Gyrocotyle  and  the  heterocotylean  trematode  lead  us 
to  conclude  that  the  rosette  is  at  the  morphologically  posterior  end  of 
the  body.  Therefore  we  must  likewise  conclude  that  the  scolex  of  the 
merozoic  cestodes  is  at  the  morphologically  posterior  end  of  the  stro- 
bila.  If  this  be  the  case  the  homologue  of  the  anterior  bridge  commis- 
sure of  Gyrocotyle,  or  possibly  of  the  anterior  ring  commissure,  is  to 
be  found  in  the  nerve  ring  formed  by  the  dorsal  and  ventral  commis- 
sures at  the  anterior  (so-called  posterior)  end  of  each  proglottis.  The 
possible  homology  of  the  acetabulum  of  Gyrocotyle  and  the  terminal 
invagination  of  the  oldest,  most  anterior  (so-called  posterior)  pro- 
glottis, belonging  to  the  distal  part  of  the  excretory  system,  is  also 
suggested. 

It  is  noteworthy  that  this  orientation  of  the  cestode  brings  the 
growing  zone  in  the  so-called  neck  of  the  strobila  into  a  position  homo- 
logous with  that  of  the  antepenult  segment  of  the  annelid  worm,  also 
the  zone  of  growth. 
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Explanation  of  the  Figures 

Fig.  1.  —  Gyrocotyle  «p.,  diagrammatic  ventral  view  showing  reproductive  organs 
and  apertures,  the  central  nervous  system  and  the  acetabular  sense  organs, 
x-5. 

Sene,  area,  sensory  area;    ant,  ring  comm,^  anterior  rinp  commissure; 
ant.  bridge  comm.,  anterior  bridge  commissure;    lot.  conn.,  lateral  connec- 
tives;   poet,  bridge  comm.,  posterior  bridge  commissure;    prox.  ring  comm., 
proxunal  ring  commissure;  diet,  ring  comm.y  distal  ring  commissure. 
Fig.  2.  —  Tristamum  molae,  diagrammatic  view  of  ventral  surface,  after  Lang  ('80). 
Ant.  bridge  comm.  anterior  brid^  commissure;  lat.  conn.,  lateral  connec* 
tives;  prox.  ring  comm.,  proximal  nng  commissure. 
Fig.  3.  —  Moniezia  expansa t  ventral  view  of  scolex,  after  Tower  ( :  00). 

Ant.  ring  comm.,  anterior  ring  commissure,  post,  bridge  comm.,  posterior 
bridge  commissure;  prox.  nng  comm.,  proxmial  ring  commissure;  lot.  conn,, 
lateral  connectives;  dist.  ring  comm.,  distal  ring  commissure. 
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J.  P.  MUNSON 

The  extreme  brittleness  of  some  ophiurans  and  their  ability  to 
reproduce  lost  parts  have  led  to  many  speculations  and  vague  theories 
regarding  them.  One  of  these  theories  is  that  they  are  composite 
animals,  each  arm  being  thought  to  have  been  originally  a  distinct 
animal.  It  has  been  maintained,  also,  that  some  forms  possess  the 
power  of  division  for  reproductive  purposes,  though  I  am  not  aware 
that  an  actual  divisipn  except  through  violence  has  ever  been  seen. 
It  is  evident  that  they  possess  to  a  remarkable  degree  the  power  of 
unlocking  the  joints  of  their  arms  to  free  themselves  from  enemies  or 
other  perilous  entanglements.  This  of  course  aids  them  in  main- 
taining themselves  amid  unfavorable  surroundings.  The  numerous 
imperfect  forms  that  occur  seem  to  be  due,  not  to  fission  for  repro- 
ductive purposes,  but  to  violence  of  many  kinds,  which  they  can 
hardly  avoid,  living  where  they  do. 

It  is  a  matter  of  some  interest,  therefore,  to  determine  the  stnicture 
of  the  arms  which  are  so  liable  to  be  disjointed,  and  which,  by  their 
very  brittleness,  contribute  to  the  maintenance  of  the  species. 

Anatomy  op  the  Arms  and  Homology  op  the  Arm-bones 

The  arms  of  Ophioglypha  sarsii  are  long,  pointed  and  cylindrical. 
The  ventral  side  fa  flattened,  and  the  convexity  of  the  dorsal  side  con- 
siderably increased  toward  the  central  dfak. 

The  arms  are  composed  of  a  central  chain  of  vertebree-like  arm- 
bones,  surrounded  by  calcareous  plates.  The  arm-bones  may  best  be 
described  as  dfaks  set  end  to  end,  and  articulated  one  with  another  in 
such  a  manner  as  to  allow  of  considerable  lateral  movement,  and  of 
slight  vertical  movement.  In  the  region  of  the  disk  the  longest  diam- 
eter fa  in  a  plane  perpendicular  to  the  long  axfa  of  the  arm,  and  parallel 
with  the  plane  of  the  dfak.  Towards  the  tip  the  length  of  the  dfak  as 
compared  with  its  width  increases  till  the  longest  axfa  becomes  that 
of  the  long  axis  of  the  arm. 

But  these  arm-bones  are  not  mere  dfaks.  They  consfat  of  a  more 
or  less  cylindrical  central  portion,  lying  in  the  direction  of  the  arm, 
from  the  middle  of  which  there  are  lateral  processes  in  the  form  of 
circular  disks.    These  serve  for  the  attachment  of  the  intervertebral 
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muscles,  which  surround  the  central  column  thus  formed,  and  which 
lie  in  the  direction  of  the  long  axis  of  the  arm.  But  the  lateral  projec- 
tion of  bone  does  not  form  a  continuous  circle;  rather  a  dorsal  semi- 
circle and  a  ventral  semicircle,  the  former  being  more  distal  and  the 
latter  more  proximal. 

The  upper  and  lower  projecting  disks  are  not  continuous,  but 
have  each  an  upper  and  a  lower  notch,  which,  when  the  arm-bones 
are  set  end  to  end,  form  the  upper  or  dorsal,  and  lower  or  ventral, 
canal.  In  the  upper  and  lower  halves  of  this  transverse  disk,  there- 
fore, there  b  a  right  and  left  lower  area,  the  upper  area  on  either  side 
being  larger  than  the  corresponding  lower  area. 

In  the  central  column,  in  the  plane  passing  midway  between  the 
lateral  disks  of  two  adjacent  arm-bones,  is  the  articulation  on  which 
one  arm-bone  moves  on  the  other.  And  between  the  lateral  aread, 
extending  from  the  area  of  one  bone  to  the  corresponding  area  of  the 
other  bone  with  which  the  former  articulates,  are  inserted  the  inter- 
vertebral muscles. 

While  the  upper  and  lower  of  these  on  either  side  practically  form 
one  continuous  band,  extending  from  the  ventral  canal  to  the  dorsal 
canal,  yet,  owing  to  these  areas  of  insertion  of  the  muscles,  we  can 
distinguish  a  right  and  left  upper  and  a  right  and  left  lower  muscle- 
area. 

It  is  evident,  therefore,  that  the  alternate  contraction  of  the  two 
muscle  areas  on  either  side  causes  a  lateral  movement  of  the  arm, 
and  that  the  alternate  contraction  of  the  upper  and  lower  areas  causes 
a  vertical  movement  of  the  arm;  but,  owing  to  the  nature  of  the 
joint  as  well  as  the  relative  length  of  the  muscles  producing  the  lateral 
and  vertical  movement,  the  former,  is  very  much  greater  than  the 
latter.  It  has  been  seen  that  the  length  of  the  arm-bones  increases 
from  the  proximal  to  the  distal  end  of  the  arm,  and  that  whereas  in  the 
neighborhood  of  the  disk  the  longer  axis  is  transverse,  at  the  tip  the 
longer  axis  is  in  the  direction  of  the  long  axis  of  the  arm.  The  result 
is  that  at  the  tips  of  the  arms  there  is  great  freedom  of  both  lateral  and 
vertical  movement,  while  near  the  disk  both  these  movements,  es- 
pecially the  vertical,  are  very  much  restricted.  This  difference  in  the 
lateral  and  vertical  movements  of  the  arms  is  doubtless  influenced 
by  the  nature  of  the  articulation  between  two  adjacent  arm-bones. 

By  treating  a  piece  of  an  arm  with  caustic  potash,  the  upper, 
under  and  side  arm-plates  can  be  removed.  This  will  expose  the  arm- 
bones  and  the  intervertebral  muscles.  The  muscles  can  then  be  re- 
moved, and  the  arm-bones  be  taken  apart. 

At  a  single  glance  with  the  naked  eye  the  articulating  surfaces 
seem  like  flat  planes  pressed  against  each  other,  but  a  close  inspec- 
tion with  a  hand  lens  or  low  power  of  the  microscope  reveals  the 
presence  of  bright  articulating  surfaces.  The  arrangement  of  these 
articulating  surfaces  is  very  complicated,  but  may  briefly  be  com- 
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pared,  both  in  arrangement  and  mode  of  action,  to  a  double  hinge 
joint.  Beginning  on  the  under  side  of  the  proximal  surface  inMnedi- 
ately  above  the  ventral  radial  canal  there  is  in  the  center  a  vertical 
ridge  which  fits  into  a  corresponding  depression  in  the  other  articu- 
lating bone ;  and  on  each  side  of  this  elevation  there  is  a  longitudinal 
depression,  into  which  fit  corresponding  articulating  elevations  in  the 
other  bone.  This,  of  course,  allows  one  bone  to  swing  laterally  on  the 
other.  Above  these  vertical  depressions  in  the  first  bone,  on  each 
side  of  the  first  articulating  ridge  are  two  lateral  depressions  fitted  to 
receive  corresponding  lateral  elevations  in  the  second  bone.  Then 
above  the  first  articulating  ridge  in  the  first  bone  there  is  another 
crescent-shaped  lateral  articulating  ridge  that  plays  into  two  large 
oval  depressions  on  either  side  in  the  second  bone,  and,  finally,  above 
all  the  others  a  round  cup  into  which  fits  a  corresponding  ball  of  the 
second  bone.  Still  above  the  latter  in  the  first  bone  and  inmiediately 
below  the  dorsal  radial  canal  are  two  vertical  articulating  ridges 
running  parallel  with  each  other.  The  most  conspicuous  articulating 
surfaces  are,  therefore,  a  lower  median  elevation  in  the  proximal  bone 
and  a  lower  median  depression  in  the  distal  bone;  then  above  this 
a  transverse  ridge  in  the  proximal,  and  a  transverse  depression  in  the 
distal,  bone.  It  is  evident  from  this,  leaving  out  the  minor  articulat- 
ing surfaces,  that  the  whole  is  of  the  nature  of  a  compound  hinge 
joint,  which  on  account  of  the  upper  articulating  surfaces  is  consid- 
erably restricted  in  its  vertical  movement,  while  considerable  free- 
dom in  a  lateral  direction  is  secured. 

This  chain  of  bones  with  its  dorsal  and  ventral  canal,  as  well  as 
the  intervertebral  muscles,  is  covered  on  the  dorsal  side  by  the  upper 
arm-plates,  and  on  each  side  by  the  side  arm-plates,  and  on  the  un- 
der side  by  the  under  arm-plates.  These  plates  overlap  each  other 
like  tile  on  a  roof.  It  has  been  found  that  in  the  course  of  develop- 
ment the  outer  plates  develop  first,  and  that  they  develop  in  a  series 
toward  the  center. 

The  side  arm-plates  issue  on  the  upper  side  from  underneath  the 
free  margin  of  the  upper  arm-plates,  and  proceed  thence  around  the 
arm  to  the  median  ventral  line,  where  they  meet  in  a  straight  edge. 
Each  under  arm-plate  issues  from  under  the  free  ventral  margin  of 
the  side  arm-plate,  and  partly  overlaps  the  following  pair  of  side  arm- 
plates,  presenting  thus  a  triangular  surface,  the  obtuse  proximal 
angle  of  each  under  arm-plate  coinciding  with  the  median  ventral 
suture  formed  by  the  two  adjoining  side  arm-plates. 

On  the  free  outer  edge  of  each  side  arm-plate  are  three  cylindri- 
cal spines,  tapering  abruptly  to  a  blunt  point,  and  lying  parallel  with 
each  other  and  with  the  long  axis  of  the  arm. 

Between  each  side  arm-plate  and  under  arm-plate,  immediately 
at  the  lateral  borders  of  each  under  arm-plate  and  just  below  the 
lowest  arm-spine,  are  the  openings  through  which  die  ambulacral 
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tentacles  are  protruded.    They  are  guarded  by  the  son 
scales. 

The  ambulaeral  tentacles,  corresponding  to  the  ai 
of  the  common  star-fish,  do  not,  as  the  latter,  pass  ou 
ambulaeral  ossicles,  but  are  inserted  in  cups  on  th< 
margins  of  the  lateral  disks. 

With  the  exception  of  the  upper  arm-plates,  whi< 
outer  border  of  the  dorsal  side  of  the  central  disk,  all  tl 
arms  thus  far  described  extend  on  the  ventral  side  tc 
the  mouth.     From  the  manner  in  which  the  mouth-part 
formed,  as  well  as  the  evident  homology  of  the  ambul 
of  Ophioglypha  to  the  ambulaeral  feet  of  Asterias,  we  fi 
the  various  parts  of  the  arms  of  Ophioglypha  to  corres 
in  the  arms  of  the  common  star-fish.    The  under  arm-f 
oglypha  evidently  have  no  corresponding  part  in  the  ai 
and  must,  therefore,  be  regarded  as  peculiar  to  the  br 
the  other  hand,  the  origin  of  the  ambulaeral  tentacles, 
in  number  to  the  number  of  arm-bones,  suggests  the  h( 
arm-bones  to  the  ambulaeral  plates  in  Asterias,  each  an 
resulted  from  the  union  of  two  parallel  ambulaeral  osi 
case  we  have  to  assume  that  the  vertebral  ridge  in  th 
been  shoved  up  towards  the  roof  of  the  general  cavity 
arm,  till  the  ventral  side  of  two  ambulaeral  plates  have  1 
applied  to  one  another  and  firmly  cemented  together 
lacral  water-tube  and  the  radial  nerve-cord  would  th 
lowered  so  as  to  occupy  the  ventral  canal,  formed  b 
edges  of  the  ambulaeral  plates.    This  is  the  position  wh 
ing  water-tube  and  brachial  nerve  occupy  in  Ophic^^^ 
The  upper  radial  canal,  together  with  the  narrow  spaces  left  between 
the  outer  plates  and  the  muscles,  as  well  as  the  passage  formed  by  the 
groove  in  the  lateral  plates  of  each  arm-bone,  would  then  represent 
the  general  cavity  of  the  arm.    Thus  by  nearly  obliterating  the  general 
cavity  of  the  arm,  by  uniting  the  ambulaeral  ossicles  at  their  ventral 
free  surfaces,  and  adding  the  accessory  under  arm-plates,  we  have 
the  narrow,  closed  cylindrical  arm  of  Ophioglypha  sarsii  from  the 
hollow  arm  of  Asterias.    That  each  arm-bone  of  Ophioglypha  sarsii 
has  resulted  from  the  union  of  two  bones  is  evident  from  the  presence 
of  a  dorsal  and  a  ventral  canal,  as  well  as  from  the  paired  arrange- 
ment of  the  articulating  surfaces  of  each  arm-bone.    By  means  of  a 
lens  it  can  be  seen  that  there  is  both  a  lower  single  median  process 
and  an  upper  single  median  process.    This  would  seem  to  be  against 
our  theory.     But  on  examining  these  with  a  low  power  of  the  mi- 
croscope a  vertical  depression  can  be  seen,  which  is  evidently  the 
suture  resulting  from  the  union  of  two  lateral  processes  to  form  one 
single  median  process.     I  have  seen  in  a  dried  specimen  the  two 
halves  of  these  arm-bones  actually  fall  apart  along  this  suture  when 
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soaked  in  water.  The  homology  of  the  arm-bones  to  the  ambulacral 
plates  of  Asterias  is  further  plainly  shown  by  the  manner  in  which 
they  separate  and  reunite  to  form  the  jaw-bones. 

Some,  such  homology  as  here  pointed  out  we  naturally  expect  to 
find  between  animals  so  nearly  related  as  Ophioglypha  and  Asterias 
are.  And  to  the  evolutionist  who  is  unable  to  conceive  of  a  separate 
creation,  and  to  whom  the  important  problem  is  the  link  that  binds 
all  living  things  into  a  connected  series,  it  may  be  a  source  of  satis- 
faction to  know  that  there  is  not  another  missing  link  here. 

There  is  one  important  fact,  however,  in  connection  with  the  ar- 
rangement of  parts  in  the  arm  of  Ophioglypha  that  is  hard  to  recon- 
cile with  corresponding  features  in  Asterias.  WTiile  in  Asterias  the 
ambulacral  feet  as  well  as  the  lateral  branches  of  the  radial  water- 
tube  issue  from  between  two  adjacent  ambulacral  ossicles,  in  Ophi- 

\     oglypha  the  ambulacral  tentacles  are  set  into  cups  hollowed  out  of 

\  the  lateral  disks.    They  are  therefore  centrally  located  with  reference 

\  to  each  ambulacral  or  arm-bone.    The  lateral  branches  of  the  radial 

Water-tube  also,  as  well  as  the  branches  of  the  radial  nerve,  instead 

bd  passing  out  between  the  articulating  surfaces,  proceed  to  their 

df^stination  through  canals  in  the  central  part  of  the  solid  bone.    This 

appears  to  me  to  be  a  fundamental  difference  to  which  it  fa  diflScult 

to  give  a  satisfactory  explanation.    But  it  may  be  suggested  that  thfa 

peculiar  central  arrangement  of  the  ambulacral  system  in  Ophio- 

/  K^ypli*^  ^^y  ^^^^  resulted  from  the  growth  of  the  bone  on  one  side  in 
such  a  manner  as  to  enclose  them  in  its  solid  substance.  Thfa  cer- 
tainly has  taken  place  in  the  case  of  the  ventral  radial  canal  df  the 
first  two  arm-bones,  where  the  canal  of  the  water-tube,  instead  of 
being  part  of  the  main  ventral  canal,  fa  separated  from  it  by  solid 
bone,  which  undoubtedly  has  resulted  from  the  growing  together  of 
the  bone  between  the  water-tube  and  the  radial  nerve-cord.  In  the 
sea  urchin,  furthermore,  the  water-tubes  and  nerve  corresponding  to 
those  under  consideration  are  on  the  inside,  while  in  the  star-fish  they 
are  external  to  the  bony  parts.  Thfa  may  have  resulted,  in  the  first 
case,  from  the  ossicles  uniting  by  their  outer  margin,  while  in  Asterias 
they  have  united  by  their  inner  margins.  The  case  of  Ophioglypha 
is  therefore  between  those  two,  or  a  combination  of  the  two,  where 
both  the  inner  and  the  outer  edges  have  united,  thus  enclosing  the 
branches  in  solid  bone. 

Comparing  the  entire  structure  of  Ophioglypha  with  that  of  As- 
terias, it  becomes  evident  that  Ophioglypha  fa  considerably  inferior 
to  Asterias  in  many  respects.  Beginning  with  the  mouth-parts,  sup- 
pose that  instead  of  only  the  first  pair  of  arm-bones  separating,  and 
swinging  out  laterally  to  form  the  mouth  frame,  every  arm-bone  in 
Ophioglypha  has  separated  along  the  ventral  canal,  and  each  half 
swung  laterally  below,  while  remaining  in  contact  above,  thus  lowers 
ing  the  dorsal  canal  which  would  become  the  ventral  ridge.    The 
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space  between  this  and  the  upper  arm-plates  would  thus  be  increased 
and  the  hollow  arms  of  Asterias  would  result.  The  lower  arm-plates 
of  Ophioglypha  in  that  case  could  have  no  place  in  Asterias,  while 
the  side  arm-plates  would  become  the  adambulacral  plates  of  Asterias. 
Aside  from  the  interest  attaching  to  such  comparisons,  it  is  evi- 
dendy  barren  of  positive  results.  The  fact,  after  all,  remains  that 
Ophioglypha  has  arms  peculiar  to  itself,  and  that  Asterias  has  arms 
peculiar  to  itself.  There  is  no  evidence  that  a  common  star-Rsh  ever 
has  arms  that  could  be  mistaken  for  the  arms  of  an  Ophiuran  any 
more  than  Ophioglypha  sarsii  has  ever  been  found  with  the  arms  of 
Asterias.  From  the  appearance  of  arms  that  are  being  reproduced, 
it  is  evident  that  in  both  cases  the  first  to  appear  b  a  soft  skin-like 
protrusion  from  the  central  disk,  in  which  calcareous  matter  is  gradu- 
ally deposited,  and  from  which  the  various  bones,  plates  and  ossicles 
are  finally  formed.  How  in  one  case  the  structure  of  Asterias,  and 
in  the  other  the  arm-plates  and  the  arm-bones  of  Ophioglypha,  re- 
sult, will  remain  to  be  answered  when  we  have  solved  the  problem 
of  life  itself.  The  positive  facts  that  confront  us  in  every  case  (possi- 
bly because  of  the  briefness  of  the  period  of  our  observations)  are, 
that  from  a  single  egg  of  Ophioglypha  there  results  another  Ophi- 
oglypha, and  from  a  single  egg  of  Asterias  there  results  a  new  Aste- 
rias, and  that  in  every  case  each  has  its  own  characters  and  its  own 
individuality. 


The  Ambulacral  Water-system 

The  ambulacral  water-system  consists  of  a  tubular  ring  from 
which  radiate  one  tube  for  each  arm.  The  radial  water-tube  lies  in 
the  ventral  radial  canal,  applied  closely  to  the  deepest  portion  of  this 
canal,  and  separated  from  the  radial  nerve-trunk  by  a  small  space. 
In  about  the  center  of  each  arm-bone  the  tube  sends  off  from  its 
dorsal  side  lateral  branches  that  communicate  with  the  ambulacral 
tentacles.  These  lateral  branches  lie  in  canals  hollowed  out  of  the 
arm-bone.  The  openings  of  these  canals,  two  for  each  arm-bone, 
can  be  seen  in  the  roof  of  the  radial  canal.  Their  course  for  some 
distance  is  in  a  vertical  direction ;  then  they  make  a  turn,  and  finally 
take  a  downward  and  outward  course,  so  as  to  end  in  the  bottom  of 
the  cup  into  which  the  ambulacral  tentacles  are  inserted.  This  is  found 
on  the  lower,  outer  margin  of  the  lateral  disks  of  each  arm-bone. 
The  course  of  the  lateral  branches  of  the  water-tube  is  therefore  in 
the  form  of  an  inverted  V.  The  plane  in  which  this  lies,  however, 
is  not  perpendicular  to  the  long  axis  of  the  bone,  but  is  inclined  so 
that  a  transverse  section  in  a  vertical  plane  reveals  only  a  small  por- 
tion at  a  time.  Their  course  can,  therefore,  be  made  out  by  means  of 
numerous  sections.  The  tubes  are  small,  and  a  constant  use  of  the 
low  power  of  the  microscope  b  necessary  to  study  them.    Through 
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these  lateral  branches  the  contents  of  the  main  ambulacral  water- 
tube  gains  access  to  the  cavity  of  the  ambulacral  tentacles. 

This  arrangement  is  true  of  all  arm-bones  except  the  first  two. 
Here  the  radial  water-tube,  instead  of  occupying  the  upper  part  of 
the  ventral  canal,  lies  in  a  closed  canal  of  its  own,  and  is  separated 
from  the  ner%-e-trunk  by  solid  bone.  No  lateral  branches  are  here 
given  off  to  the  tentacles  of  the  first  arm-bone.  The  tube  issues 
from  its  canal  through  a  round  foramen  in  the  middle  of  the  front 
face  of  the  first  arm-bone.  Here  it  divides  into  two  branches.  These 
take  an  upward  course,  and  turning  to  the  right  and  to  the  left  re- 
spectively lie  in  a  shallow  groove  hollowed  out  of  the  dorsal  side  of 
each  jaw  close  to  the  first  arm-bone.  In  the  middle  of  each  jaw-bone 
is  a  small  opening  vbible  to  the  naked  eye.  This  is  the  canal  leading 
to  the  mouth-tentacles  and  to  the  first  ambulacral  tentacle.  Its  course 
is  slightly  curved.  It  passes,  however,  almost  directly  down  to  the 
bottom  of  the  socket  of  the  upper  mouth-tentacle;  but  before  enter- 
ing here  it  gives  off  a  side  branch  proceeding  to  the  socket  of  the 
lower  mouth-tentacle.  This  also,  before  its  termination,  sends  off  a 
branch  to  the  first  ambulacral  tentacle.  Through  this  branched 
canal  passes  a  branch  of  each  of  the  main  trunks.  These  latter,  unit- 
ing with  a  similar  from  the  next  arm,  form  the  oral  water-ring.  The 
oral  water-ring,  therefore,  is  somewhat  hexagonal,  and  lies  on  the 
dorsal  side  of  the  jaws,  outside  of  the  stomach  and  outside  the  nerve- 
ring.  The  canal  in  which  it  lies  is  shallow,  and  may  be  seen  close  to 
the  oral  surface  of  the  first  arm-bone,  where,  if  the  jaws  be  removed, 
can  be  seen  just  below  it  the  opening  leading  into  the  ventral  radial 
canal. 

The  Nervous  System 

The  nervous  system  consists  of  an  oral  nerve-ring  and  a  radial 
nerve  in  each  arm.  The  nerve-ring  lies  in  a  deep  canal  hollowed  out 
of  the  upper  part  of  the  jaw-bones  directly  over  the  bundle  of  muscles 
moving  the  jaws,  and  inside  the  ambulacral  water-ring.  Strangely 
enough  the  canal  is  open,  and  has  no  bony  covering  except  a  small 
portion  covered  by  the  peristomal  plate.  Between  the  jaws  the 
canal  lies  just  above  and  close  to  the  cavity  of  the  upper  mouth-ten- 
tacles, and  passes  thence  out  in  a  straight  line  to  the  middle  of  the 
front  face  of  the  first  arm-bone  of  each  arm  where  it  approaches  close 
to  the  water-ring  but  considerably  below  it.  At  the  angle  formed 
midway  between  two  adjoining  jaws  and  just  opposite  the  foramen 
leading  into  the  ventral  radial  canal,  it  sends  off  a  radiating  branch 
which  passes  along  the  lower  half  of  this  canal.  The  nerve  canal, 
being  covered  only  partly  by  the  peristomal  plate,  can  easily  be  seen 
by  removing  that  part  of  the  stomach  which  constitutes  its  oral 
sphincter. 
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The  nerve-ring  gives  off  branches  which  pass  through  the  floor  of 
the  nerve  canal,  and  supply  the  muscles  of  the  teeth  and  tooth  papillae 
and  the  muscles  of  the  jaws.  Branches  are  also  supplied  to  the 
mouth-tentacles  and  to  the  stomach. 

The  nerve-ring  is  in  the  form  of  a  five-pointed  star,  whose  points 
are  opposite  the  foramen  leading  into  the  ventral  radial  canal.  The 
radial  nerve  given  off  here  consists  in  each  arm  of  three  main  trunks, 
supported  by  a  double  membrane  in  the  form  of  a  ribbon.  This 
band  lies  horizontally  across  the  ventral  radial  canal,  dividing  it 
into  an  upper  triangular  space,  intervening  between  the  nerve-band 
below  and  the  radial  water-tube  above;  and  also  a  lower  space  below 
the  nerve-band  which  b  in  communication  with  the  general  cavity  of 
the  arm. 

The  radial  nerve-band  is  held  in  place  by  numerous  fibers  which 
suspend  it  to  the  roof  of  the  canal. 

At  about  the  center  of  each  arm-bone  and  opposite  each  pair  of 
ambulacral  tentacles  the  radial  nerve-band  swells  out  laterally  and 
sends  lateral  branches  of  nerves  along  the  median  lateral  canal  of 
the  lateral  disks  to  the  cavity  of  the  ambulacral  tentacles.  Here  the 
membrane  appears  to  divide,  one  portion  lining  the  lower  part  of  the 
ambulacral  cup,  and  the  other  the  upper  part,  and  is  finally  applied 
to  the  tentacle  at  a  point  about  two-thirds  of  the  distance  from  the 
point  of  insertion  of  the  tentacle. 

The  lateral  nerve-branch  divides  in  the  neighborhood  of  the  ten- 
tacle, sending  one  branch  to  the  right  and  another  to  the  left,  so  as  to 
form  an  incomplete  ring  around  Uie  tentacle.  One  of  these  seems 
finally  to  enter  the  walls  of  the  tentacle  and  to  end  there,  while  the 
other  evidently  passes  out  to  the  periphery,  where  it  supplies  the  outer 
walls  and  spines  with  nerve  fibers.  This  arrangement  is  true,  how- 
ever, only  of  that  portion  of  each  arm  which  is  outside  of  the  central 
disk.  In  that  portion  which  lies  in  the  disk  a  quite  different  arrange- 
ment is  found.  Here,  instead  of  passing  along  the  open  canal  on  the 
under  side  of  the  lateral  processes,  the  lateral  branches  of  the  radial 
nerve-trunk  lie  in  a  closed  canal  in  the  solid  bone.  This  canal,  opening 
into  the  roof  of  the  ventral  radial  canal  about  one-third  of  the  length 
of  an  arm-bone  from  the  articulating  surfaces,  proceeds  vertically  in 
a  plane  about  parallel  to  that  in  which  the  lateral  branches  of  the 
ambulacral  water-tube  lie,  and  finally  makes  a  turn  outward,  and 
issues  through  an  opening  running  along  the  outer  margin  of  the 
lateral  processes  of  die  arm-bones.  The  level  at  which  this  exit  is 
found  varies  with  each  arm-bone  from  the  mouth  towards  the  outer 
margin  of  the  disk.  At  the  periphery  of  the  disk  the  opening  is 
found  somewhat  above  the  median  line  between  the  upper  and  lower 
radial  canals.  With  every  approach  toward  the  center  this  level  is 
lowered  until  it  approaches  close  upon  the  upper  margin  of  the  cup 
of  the  ambulacral  tentacles.    When  the  tentacles  are  removed  these 
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openings  can  be  seen  from  the  ventral  side,  the  dorsal  mai^in  of  the 
opening  being  raised  into  a  high  semicircular  cross-ridge,  which, 
being  continuous  with  the  prominent  edges  of  the  ventral,  lateral 
canal,  presents  a  somewhat  singular  appearance.  Along  this  canal 
the  lateral  nerve-branch  passes,  and  issues  to  the  surface  of  the  bone 
through  the  opening  at  the  base  of  the  above-mentioned  cross-ridge. 
It  thence  continues  along  the  canal  and  bifurcates  at  the  base  of  the 
tentacle,  forming  an  imperfect  ring  around  the  base  of  it,  one  branch 
supplying  the  tentacle  while  the  other  passes  on  to  the  periphery. 

The  radial  nerve-trunk  is  expanded  where  the  lateral  branches 
are  given  off  to  the  tentacles,  and  also  at  a  point  slightly  in  advance  of 
that  point.  Here  is  where  lateral  branches  are  given  off  supplying 
the  intervertebral  muscles.  In  the  roof  of  the  ventral  radial  canal 
can  be  traced  the  lateral  branches  of  the  ambulacra!  water-tube 
supplying  the  ambulacral  tentacles.  A  little  in  front  of  those  two 
openings  are  two  smaller  pores.  These  are  the  openings  leading  into 
sinuous  canals  through  which  the  lateral  branches  of  nerves  supply- 
ing the  intervertebral  muscles  pass.  The  course  of  these  two  canals 
is  at  first  vertical  and  almost  parallel,  but  in  an  inclined  plane.  Hav- 
ing ascended  about  half  way  through  the  bone,  the  canals  bifurcate, 
one  branch  passing  upward  and  outward  to  the  upper  area  of  inter- 
vertebral muscles,  while  the  other  branch  turns  downward  and  out^ 
wa^ti  to  the  lower  area  of  intervertebral  muscles.  Through  these 
canals  the  nerves  supplying  the  intervertebral  muscles  pass. 

The  brittleness  of  these  arms  fa  due  to  the  numerous  joints,  the 
excessive  development  of  the  calcareous  plates  and  ossicles,  and  to 
the  absence  of  connective  tfasue,  tendons  and  ligaments  holding  the 
joints  in  place. 
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A  FEW  POINTS  FROM   THE  STUDY  OF 
ECHINARACHNIUS 

EMILY  RAY  GREGORY 

ECHINARA.CHNIUS  parma  is  a  Clypeastroid  •Urchin  commonly 
called  the  Sand-dollar.  The  present  study  was  undertaken  to  secure 
a  fairly  complete  anatomy  of  this  animal  which  is  but  scantily  referred 
to  by  most  writers.  There  are  but  three  points  to  which  I  wish  to 
call  attention  to-day. 

1.  The  existence  of  two  kinds  of  sphseridia. 

One  of  them  is  the  well-known  stalked  globular  form.  There  are 
five  of  these,  each  enclosed  in  a  capsule  of  the  test  at  the  oral  end  of 
one  of  the  ambulacral  grooves.  The  other,  the  second  kind,  does 
not  seem  to  have  been  recognized  before.  These  bodies  are  more 
or  less  rounded  sessile  knobs  of  clear  crystalline  structure,  which  re- 
fract the  light  and  are  covered  by  a  very  thin  layer  of  the  epithelium. 
A  central  nodule  can  be  distinguished.  These  organs  differ  greatiy 
in  size,  and  are  very  numerous  on  both  surfaces  of  the  test.  On  the 
oral  surface  the  actinal  grooves  near  the  mouth  are  closely  studded 
with  them.  Otherwise  I  have  not  determined  a  definite  arrange- 
ment. The  lens-like  structure  with  its  delicate  covering  recalls 
organs  sensitive  to  light,  and  the  habits  of  the  sand-dollar  indicate 
such  sensitiveness  very  strongly.  Although  one  would  not  suppose 
this  to  be  the  main  function  of  these  organs  on  the  oral  surface,  it 
is  to  be  recalled  that  the  animals  can  and  do  turn  upside  down,  though 
one  does  not  generally  find  them  in  that  position. 

2.  The  second  point  to  which  I  wish  to  call  your  attention  is  the 
variation  in  the  skeletons  of  the  spines  as  to  size  and  structure.  We 
may  note  first,  however,  that  in  all  of  them  the  skeleton  consists  of  a 
central  rod  with  longitudinal  serrated  ridges  radially  arranged,  so  that 
a  cross-section  gives  a  star  with  from  6-13  points,  as  observed  so  far. 
The  skeleton  is  regularly  fenestrated. 

The  heaviest  spines  are  on  the  ambitus.  They  are  straight  and 
longer  than  any  others  except  those  over  the  mouth  and  a  few  of  those 
on  the  anterior  side  of  the  oral  surface.  The  adaptation  to  protec- 
tion and  locomotion  is  clear. 

Over  the  mouth  opening  are  others,  almost  as  heavy,  as  long  or 
longer,  straight  or  bent.  These,  too,  must  be  protective  and  may  be 
used  in  feeding. 
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The  rest  of  the  oral  surface  is  covered  with  slender  spines,  long 
or  of  medium  length,  rather  sparsely  arranged,  and  there  are  very 
small,  slender,  inconspicuous  ones  between. 

On  the  aboral  surface  there  is  a  dense  array  of  short  spines,  of 
two  sorts.  The  larger  are  stout,  with  an  enlarged  head  which  is 
flattened  parallel  to  the  ambitus  and  bends  slightly  towards  it.  Be- 
tween these  there  are  extremely  small  and  slender  ones. 

3.  A  third  point  to  which  I  would  call  attention  is  a  curious 
thread-like  tube  which  takes  its  origin  from  the  intestine  at  the  point 
where  it  makes  a  sharp  bend  in  returning  to  the  anal  area.  This 
tube  passes  forward  and  around  the  edge  of  the  main  body  cavity, 
sending  off  branclDes  into  the  interradial  areas  and  sometimes  also 
into  the  ambulacral  areas,  and  ends  blindly  in  the  last  interradial 
area,  after  practically  completing  the  circle.  In  the  young  animal 
much  of  it  is  gready  distended  with  sand.  In  adult  animals  only  a 
few  scattered  ^ins  are  found  in  it,  and  it  has,  rather,  the  appear- 
ance of  a  vestigial  structure.  It  has  no  connection  with  the  small 
short  siphon  near  the  oral  end  of  the  intestine,  and  seems  to  have, 
therefore,  no  homology  with  the  siphons  of  other  forms,  but  to  be 
unique  in  structure  and  function. 
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SUR  LA  STRUCTURE  INTIME   DES  TENTACULES 
OCULAIRES  CHEZ   HEUX  POMATIA 

(ABsraAcr) 

SMILE  YUNG 

Ces  organes  qui  cumulent  des  fonctioiis  si  diverses  et  dont  le 
pouvoir  moteur  est  si  grand  qu'ils  peuvent  s'in  vaginer  4  h  600  fois 
de  suite,  ne  manifestant  leur  fatigue  que  par  une  extension  incom- 
plete, ne  paraissent  poiu*tant  recevoir  aucun  nerf  moteur.  En  effet 
les  seuls  nerfs  partant  des  masses  ganglionnaires  centrales  et  se 
rendant  dans  les  tentacules,  sont  le  nerf  tentaculaire  aboutissant  au 
ganglion  p^riph^rique  du  m^me  nom  et  le  nerf  optique  se  rendant 
k  Toeil.  L'examen  attentif  du  parcours  de  ces  nerfs  ne  montre  mille 
part  qu'ils  foumissent  des  raumseules  aux  muscles  de  la  peau  ou  au 
fourreau  musculaire  interne  du  tentacule.  La  question  du  meckr 
nisme  de  I'invagination  du  tentacule  se  pose  done  ainsi.  Avous  vous 
k  faire  avec  un  muscle  dont  le  myoplasme  a  encore  conserve  intact 
le  pouvoir  de  se  contracter  ind^pendamment  de  toute  intervention 
nerveuse?  Ou  bien  ob^issant  h  une  r^le  constante  chez  les  ani- 
maux  sup^rieurs  ce  myoplasme  se  contracte-il  It  la  suite  d'une 
excitation  neuroplasmatique  ?  En  d'autres  termes,  les  MoUusques- 
tels  que  Helix  ont-ils  accompli  ou  non,  la  divbion  du  travail  fonc- 
tionnel  entre  les  deux  plasmas  ?  A  s'en  tenir  It  ce  que  nous  savons  de 
Torganisation  tentaculaire,  il  faudrait  r^pondre  par  la  native  It 
une  pareille  question.  Cependant  M.  Yung  a  d^couvert  en  d^tail- 
lant  en  couper  minces  des  tentacules  convenablement  fix^  et  en  etu- 
diant  ceux  unpregn^  par  la  methode  de  Golgi  leg^rement  modifiee, 
des  ^^ments  cellulaires  r^pandus  dans  la  paroi  exteme  du  tentacule 
y  prfes  de  Textr^mit^  de  celui-ci  dont  la  nature  nerveuse  semble  in- 
contestable. Ces  cellules  multipolaires  envoyent  un  prolongement 
dans  les  muscles  et  se  trouvent  mises  par  d'autres  prolongement  en 
relations  de  continuity  avec  les  petites  cellules  sensorielles  du  gang- 
lion tentaculaire.  EUes  constituent  des  centres  ganglionnaires  diffus 
comparables  It  ceux  qui  existent  dans  la  paroi  du  coeur  de  la  gren- 
ouille,  par  exemple.  Leur  existence  explique  le  m^canisme  de 
Tinvagination  et  le  fait  que  celle-ci  pent  fttre  encore  actuellement 
accomplie  apr^  Pablation  du  tentacule  y  sa  separation  complete 
de  tout  axitre  ganglionnaire. 
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H.  V.  NEAL 

The  morphological  comparability  of  the  eye  muscle  nerves  with 
ventral  spinal  nerves  has  generally  been  conceded  since  the  discovery 
of  ventral  (somatic  motor)  nerves  in  Amphioxus.  In  the  adult 
vertebrate  their  histological  structure  and  nidulus  of  origin  are  similar. 
But  peculiarities  in  the  development  of  the  eye  muscle  nerves  in 
elasmobranchs  and  differences  of  opinion  concerning  the  origin  of 
the  musculature  innervated  by  them  has  not  only  revived  the  ques- 
tion of  their  morphology,  but  also  the  perennial  problem  of  the  serial 
homology  of  pre-otic  and  post-otic  metameres.  In  fact,  these  two 
problems  are  intimately  connected  with  each  other.  The  eye  muscle 
nerves  in  connecting  mesodermic  with  ectodermic  constituents  of  head 
segments  serve  as  most  important  criteria  of  both  the  nature  and 
the  number  of  head  segments.  It  is  scarcely  an  exaggeration  to  say 
that  the  comparability  of  head  and  trunk  metameres  depends  largely 
upon  the  comparability  of  the  eye  muscle  nerves  with  ventral  spinal 
nerves. 

The  following  evidence  based  upon  a  study  of  their  histogenesis 
in  the  spiny  dogfish  {Squalus  acanthids)  is  conclusive  in  showing  their 
histogenetic  similarity. 

1.  The  neuraxones  of  both  ventral  spinal  nerves  and  of  the  eye 
muscle  nerves  develop  as  processes  of  neuroblasts  situated  in  the 
ventro-lateral  wall  of  the  neural  tube.  These  relations  are  shown 
in  Pigs.  1-4. 

2.  The  neuraxones  of  both  the  ventral  spinal  nerves  and  of  the 
eye  muscle  nerves  become  secondarily  surrounded  by  neurilemma 
cells  partly  derived  by  migration  from  the  neural  tube  and  partly 
from  the  adjacent  mesehchyma. 

3.  Both  spinal  ventral  nerves  and  eye  muscle  nerves  become 
associated  with  dorsal  nerves  and  with  migrant  cells  derived  from 
them.  The  abducens,  however,  like  the  anterior  (embryonic)  root 
of  the  hypoglossus,  does  not  come  into  connection  with  any  dorsal 
nerve,  and  receives  no  cellular  addition  from  this  source.  The  mi- 
grant cells  from  the  dorsal  ganglia  which  become  associated  with 
spinal  ventral  nerves  form  the  sympathetic  ganglia.  Similarly,  cells 
derived  from  the  ganglion  of  the  ramus  ophthalmicus  profundus 
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trigemini  in  connection  with  the  oculomotorius  become  the  ciliary 
ganglion  of  the  adult  (Figs.  2  and  5).  A  number  of  the  sympathetic 
ganglia  associated  with  spinal  ventral  nerves  are  transient  (as  stated 
by  Hoffmann,  1900)  and  disappear  early  in  development    Such  is  the 


,n. 

f 
ds. 


Fig.  1.  —  A  dia^m  showing  the  topographic  relations  of  dorsal  and  83an pa- 
thetic gangha  to  a  ventral  (somatic  motor)  nerve  in  the  trunk  region  of  a 
Squalus  embnro  of  15  mm. 

ao.^  dorsal  aorta;  cd.  ds.,  noto-chord;  gn.  dors,,  dorsal  ganglionj  my., 
myotome;  nid.,  nidulus  of  ventral  nerve;  nv,  v.,  ventral  nerve;  «y.  g.,  sym- 
pathetic eanglion;  ib.  n.,  neural  tube. 

Fig.  2.  —  A  du^|ram  showing  the  relations  of  the  oculomotorius  nerve  to  a  sym- 
pathetic (cniary)  ganglion  and  to  the  ganglion  of  the  ramus  ophthalmicus 
prof undus' trigemini  as  seen  in  a  Squalus  embryo  of  11  nmi.  The  relations 
are  essentially  the  same  as  those  shown  in  Fig.  1.  In  both  cases  the  sympa- 
thetic gandion  has  been  formed  by  a  migration  of  cells  from  the  dorsal 
ganglion.  The  reduction  in  the  myotome  of  van  Wiphe's  first  somite  allows 
the  precocious  connection  of  the  profundus  nerve  with  the  skin  and  results 
in  the  slightly  different  topographic  relations  shown  in  the  dia^m. 

ao.f  dorsal  aorta;  gn.  m^8*ce.,  ganglion  of  the  ramus  ophthalmicus  pro- 
fimdus  trigemini  ("mesocephalic"  ganglion);  mr/.,*  myotome  of  van  Wijne's 
first  somite;  nid.,  motor  nidulus;  oc'w.,  oculomotorius  nerve;  r.  fr'f.  V., 
ramus  ophthalmicus  profundus  trigemini  (which  is  connected  with  the 
brain  at  a  point  much  posterior  to  that  at  which  the  oculomotorius  emerges) ; 
sy.  g.f  sympathetic  (cuiary)  ganglion;  II.,  mid-brain  vesicle  (second  bram 
neuromere). 

fate  also  of  the  cells  which  migrate  into  connection  with  the  trochlearis 
from  the  ramus  ophthalmicus  superficialis  trigemini  (Figs.  4  and  5). 
IVIiss  Piatt  ('91)  and  Dohm  ('07)  have  considered  the  connection  of 
the  trochlearis  with  the  ramus  ophthalmicus  superficialis  trigemini 
and  with  the  cells  proliferated  from  it  as  evidence  that  the  trochlearis 
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was  primarily  a  mixed  (dorsal)  nerve.  On  the  contrary,  these  rela- 
tions are  precisely  those  of  a  ventral  spinal  nerve.  Only  in  the  ultra- 
dorsal  pomt  of  emergence  of  its  fibres  and  in  its  dorsal  chiasma  does 


H 


nid 


f- 


Fio.  3.  —  A  diagram  showing  the  relations  of  the  abducens  nerve  as  shown  in 
a  Squalus  embryo  of  1§  mm.  The  abducens,  like  the  primitive  ventral 
nerves  of  Amphioxus,  does  not  become  connected  with  a  dorsal  nerve  and 
therefore  is  not  associated  with  a  sym]>athetic  ganglion.  Its  central  rela- 
tions and  distribution  to  somatic  musculature,  however,  sufficiently  att^rts 
its  serial  homology  with  spinal  ventral  nerves.  The  nidiilus  of  the  abducens 
extends  through  two  brain  neuromeres  (VII  and  VIII),  from  both  of  which 
the  cells  which  form  the  vagus  ganglion  are  proliferated. 

abd.f  abducens;  00.^  dorsal  aorta;  gn.  vag.,  vagus  ganglion;  my.,*  mvo- 
'       ■  '       is;  VII, 


tome  of  van  Wijhe's  third  somite;  nid.  abd.,  nidulus  01  the  abducens; 
neuromere,  or  encephalomere  VII. 
Fio.  4.  —  A  diagram  showing  the  relations  of  the  trochlearis  as  seen  in  a  Squalus 
embryo  of  25  mm.  These  are  seen  to  be  similar  to  those  of  the  oculomotorius 
(Fig.  2)  except  for  the  dorsal  chia«na.  The  nidulus  of  the  trochlearis  lies 
immediately  posterior  to  that  of  the  oculomotorius  in  the  third  brain  neuro- 
mere. The  trochlearis  is  connected  with  the  ramus  ophtlialmicus  super- 
ficialis  trigemini  and  with  a  ganglion  derived  from  this  nerve  in  precisely 
the  same  manner  as  the  oculomotorius  is  associated  with  the  ramus  ophthal- 
micus profundus  trigemini  and  the  ciliary  ganglion. 

ch.  dors,,  dorsal  chiasma;  my.,'  myotome  of  van  Wij he's  second  somite; 
nid.  tr'ch.,  nidulus  of  the  trochlearis;  r.  sup.  V.,  ramus  ophth.  superficialis 
trigemini;  sv.  g.,  the  transient  sympathetic  ganglion,  derived  from  the 
ganglion  of  the  r.  opth.  sup.  trigenuni;  tT*ch.,  trochlearis;  III,  neuromere  3. 

the  trochlearis  diflFer  from  a  spinal  ventral  nerve.    But  in  these  re- 
spects it  differs  quite  as  much  from  a  dorsal  nerve. 

The  relations  of  the  abducens  nerve,  as  shown  in  Fig.  3,  are  seen 
to  be  similar  to  those  of  the  ventral  nerves  of  amphioxus.  The  somatic 
nature  of  the  musculature  innervated  by  the  abducens,  trochlearis 
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and  oculomotorius  has  been  demonstrated  for  eyclostomes  (Kolt- 
zoff  '01),  selachians  (van  Wijhe  '02,  Piatt  '91,  HofiFmann  '94,  Neal 
'98),  teleosts  (Boecke  '03)  and  amphibia  (Piatt,  '97). 

The  foregoing  evidence,  taken  in  connection  with  the  well-known 
histological  similarity  of  the  eye  muscle  nerves  and  spinal  ventral 


r.^ 


Fio.  5.  —  A  diagrair  showing  the  metameric  relations  of  the  eye  muscle  nerves, 
based  upon  tb^  conditions  found  in  Squalus  embryos.  The  diagram  is  a 
composite  of  different  stages  of  development.  The  relations  of  the  pro- 
fundus nerve  (r.  pr*/.  V.)  to  the  oculomotorius  are  as  they  appear  in  a  12  mm. 
embryo,  whUe  the  relations  of  the  superficialis  (r.  sup,  V,)  to  the  trochlearis 
are  as  they  appear  in  a  25  mm.  emoryo.  The  neuromeres  (I  to  VII)  and 
somites  (A  to  6)  are  drawn  from  a  much  earlier  sta^e  of  development.  The 
diagram  is  intended  to  show  the  greatly  modified  metameric  relations  of 
the  eye  muscle  nerves,  which  the  present  paper  attempts  to  explain. 

aW.,  abducens  nerve;  A.,  anterior  somite  of  Miss  Piatt;  g.  c.,***  gill 
clefts  1,  2  and  3;  hyp.,^  first  (transient)  root  of  the  hypoglossus;  oc'm., 
oculomotorius  nerve;  Oi/.,  olfactory  pit;  Ot.,  otic  vesicle;  r.  pr'f.  F.,  ramus 
ophthi.lmicus  profundus  trigemini;  r.  sup,  V.,  ramus  ophthalmicus  superfi- 
cialis trigemini;  r.  rec.  abd.,  ramus  recurrens  abducens;  tr'ch,^  trochlearis 
ner\'e,  tr.  art.y  truncus  arteriosus. 

L.,  Lens;  M.,  Mouth;  I- VII,  Brain  neuromeres  (encephalomeres) ; 
1-6,  somites  of  van  Wijhe. 

nerves  in  the  adult  seems  to  force  us  to  the  conclusion  that  the  eye 
muscle  nerves  are  morphologically  comparable  and  serially  homolo- 
gous with  spinal  ventral  nerves.  But  there  are  some  striking  peculiar- 
ities in  the  relations  of  the  eye  muscle  nerves  which  differentiate 
them  from  spinal  ventral  nerves  and  which  therefore  require 
explanation. 
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These  are: 

First,  the  innervation  of  a  pre-otic  muscle,  the  posterior  rectus, 
by  a  post-otic  ventral  nerve,  the  abducens  (Fig.  5). 

Second,  the  innervation  by  the  abducens  of  musculature  (m.  pos- 
terior rectus)  derived  from  two  myotomes,  the  second  and  third  of 
van  Wijhe  ^  (Figs.  5  and  10). 

Third,  the  innervation  of  musculature  derived  from  one  somite 
(van  Wijhe's  second)  by  two  ventral  nerves,  the  trochlearis  and 
abducens.  This  relation  is  the  more  remarkable  since  these  two 
nerves  have  widely  separated  origins  (niduU)  Fig.  6. 

Fourth,  the  ultra-dorsal  point  of  emergence  and  the  chiasma  of 
the  trochlearis  (Fig.  4). 

It  therefore  devolves  upon\those  who  claim  the  serial  homology  of 
eye  muscle  nerves  and  spinal  ventral  nerves  to  explain  how  these 
strange  relations  have  come  to  eidst.  To  do  so  fully,  however,  would 
mean  a  complete  phylogeny  of  the  Vertebrate  head.  I  venture  the 
following  suggestions  as  provisional  answers  to  the  problems  suggested : 

First,  as  regards  the  problem  of  the  pecuUar  distribution  of  the 
abducens,  we  find  a  clue  in  the  preisent  nerve  relations  of  the  two 
anterior  post-otic  somites  of  Petromyzen  (Fig.  6).  During  develop- 
ment these  somites  divide  into  lateral  and  m^ian  portions,  of  which 
the  former  lies  lateral  to  the  otic  capsule  and  nerve  ganglia,  and  the 
latter  adjacent  to  the  notochord  (Figs.  8  and  9).  The  lateral  portion 
divides  (completely  in  the  case  of  the  first  poaj-otic  myotome)  into  a 
dorsal  division  (above  the  otic  capsule)  and  a  Vf^ntral  division  below, 
the  division  taking  place  along  the  dorso-lateral  jine  of  sense  organs 
(Fig.  7).  In  later  stages  of  development  the  medit  n  divisions  of  the 
myotomes  degenerate  and  disappear  (Fig.  9)  and  wvth  them,  I  infer, 
the  related  ventral  nerves.  The  lateral  divisions,  however,  persist 
and  become  innervated  by  nerves  of  posterior  myotbmes,  viz.,  the 
fourth  and  fifth  post-otic.  We  have  here,  then,  a  cleaj.r  case  of  the 
substitution  of  the  ventral  nerve  of  a  posterior  myotom€»^  for  those  of 
anterior  myotomes.  In  order  to  explain  the  present  relations  of  the 
abducens,  all  that  is  needed  is  to  assume  a  similar  substi^tution  of  a 
post-otic  nerve  for  a  pre-otic  one  under  conditions  similar  tA  those  just 
described  in  Petromyzon.  The  conditions  which  have  li^ulted  in 
the  subdivision  of  the  post-otic  myotomes  in  Petromyzon  aire  practi- 
cally identical  with  those  in  the  .pre-otic  region.  There  is  irti  fact  an 
ontogenetic  division  of  the  myotomes  of  van  Wijhe's  first  and(  second 
(pre-otic)  somites  into  dorsal  and  ventral  portions  (Fig.  lOJ).  The 
assumption  is  therefore  not  purely  gratuitous  that,  precisely  as  the 

*  It  has  hitherto  been  held  on  the  basis  of  evidence  given  by  van  Wijlie  ('82), 
Miss  Piatt  ('91)  and  Lamb  ('02)  that  the  posterior  rectus  muscle  is  derivied  frona 
van  Wijhe's  third  somite.  Dohm  ('04),  however,  has  correctly  stated  tvhat  the 
posterior  rectus  is  derived  from  both  the  second  and  third  somites,  i.  e.  fi'oaL  two 
myotomes  instead  of  one.  i 
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ventral  nerves  of  the  fourth  and  fifth  post-otic  somites  grow  forward 
to  innervate  the  lateral  portions  of  the  first  and  second  post-otic  som- 
ites, so  the  abducens  has  come  to  innervate  the  ventral  portion  of  van 
Wijhe's  second  and  third  myotomes  whose  median  portions  have  de- 
generated. The  rudimentary  and  transient  ramus  recurrens  of  the 
abducens  (Figs.  5  and  10)  is  suggestive  of  a  former  posterior  distri- 
bution of  the  abducens. 


Fig.  6.  —  A  diagram  of  the  left  lateral  aspect  of  the  head  of  a  Petromyzon  em- 
bryo of  50  imn.,  showing  the  relations  of  the  post-otic  myotomes  and  their 
associated  ventral  nerves.  The  innervation  of  the  first  three  post-otic 
myotomes  (4,  5,  6)  by  the  ventral  nerves  of  the  fourth  and  fifth  post-otic 
myotomes  (7,  8)  is  to  be  especially  noted,  as  is,  also,  the  splitting  of  the 
&rat  post-otic  myotome  (4)  along  the  dorsal-lateral  line  into  a  dorsal  and  a 
ventral  division.  The  homology  of  the  first  post-otic  somite  of  Petromyaon 
with  the  fourth  somite  of  Squalus  is  based  upon  the  evidence  given  by  Koltzof! 
C02). 

m.  L  sub,,  sub-branchial  portion  (->  hypoglossus  musculature  of  Gna- 
thostomata)  of  the  lateral  trunk  musculature;  n'v.,^  n*v.,^  dorsal  and  ven- 
tral branches  of  the  first  and  second  post-otic  nerves;  Olf.y  Olfactory  pit.; 
Ot,f  otic  capsule;  4d.l.^  J^v.l.j  dorsal  and  ventral  divisions  of  the  first  post- 
otic  myotome;  4-9,  first  to  sixth  post-otic  myotomes. 

I  am  well  aware  that  the  foregoing  explanation  of  the  present 
curious  distribution  of  the  abducens  to  pre-otic  myotomes  will  not 
seem  reasonable  to  those  morphologists  who  hold  the  view  of  the 
primary  connection  of  nerve  and  muscle,  and  who  presumably  would 
find  in  the  assumption  of  a  migration  of  post-otic  musculature  into 
the  pre-otic  region  the  explanation  of  the  distribution  of  the  abducens. 
Such  an  ontogenetic  migration  of  post-otic  musculature  into  the  pre- 
otic  region  actually  does  take  place  (Figs.  6  and  7)  in  Petromyzon. 
But  the  entire  absence  of  any  evidence  from  any  Vertebrate  of  the  post- 
otic  origin  of  the  cells  which  form  the  posterior  rectus  muscle  (in- 
nervated by  the  abducens)  seems  to  me  to  be  a  fatal  objection  to  this 
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hypothesis.  Furthermore,  this  hypothesis  entirely  ignores  the  fact 
that  the  abducens  (a  nerve  with  a  post-otic  nidulus)  innervates  the 
myotome  of  van  Wijhe's  second  somite  which  is  also  innervated  by 
the  trochlearis,  a  pre-otic  nerve  (Figs.  5  and  10).  If  the  hypothesis 
were  true,  it  would  be  necessary  to  assume  a  migration  of  the  nidulus 
of  the  trochlearis  from  behind  the  ear  into  its  present  position.  Of 
such  a  migration  of  a  motor  nidulus  there  is  neither  comparative 
anatomical  nor  embryological  evidence.  On  the  other  hand,  there  is 
much  evidence  of  the  distribution  of  motor  nerves  such  as  the  abdu- 
cens into  metameres  other  than  those  in  which  they  have  their  nidulus. 
I  therefore  conclude  that  the  abducens  is  serially  homologous  with 


FiQ.  7.  —  A  diagram  based  upon  a  reconstruction  of  a  3.5  mm.  embryo  of  Petro- 
myzon  by  Koltzoflf  ('02)  showing  the  splitting  of  the  anterior  post-otic 
myotomes  into  median  and  lateral  divisions.  In  order  to  explain  the  present 
relations  of  the  eye  muscle  nerves  (Fig.  5)  to  the  pre-otic  myotomes  in 
Squalus,  a  similar  subdivision  of  the  myotomes  of  van  Wijhe's  first,  second 
and  third  somites  may  be  assumed. 

L.,  Lens;  N.,  olfactory  pit;  Ot,,  Otic  capsule:  Thyr.,  Thyroid;  1-7, 
somites  1  to  7,  homologous  according  to  Koltzoff  ('02)  to  van  Wijhe's  first 
to  seventh  somites  in  Selachians. 

spinal  ventral  nerves  and  that  its  present  relations  with  pre-otic  myo- 
tomes (van  Wijhe's  second  and  third)  have  been  acquired  secondarily 
through  substitution. 

Turning  now  to  the  question  as  to  how  the  abducens  has  come  to 
innervate  two  myotomes,  it  is  readily  seen  that  the  answer  is  closely 
related  to  the  one  stated  above.  We  have  in  the  relations  of  the  ahn 
ducens  to  van  Wijhe's  second  and  third  somites  no  simple  case  of 
bimeric  nerve  distribution  such  as  obtains  in  the  typical  trunk  seg- 
ments, where  each  ventral  nerve  is  distributed  to  two  adjacent  myo- 
tomes, thus  insuring  greater  coordination,  but  we  have  a  case  of  nerve 
substitution  such  as  occurs  in  Petromyzon.  The  fact  that  the  abducens 
usurps  the  place  of  two  ventral  nerves  instead  of  one  and  comes  to 
innervate  two  myotomes  is  a  problem  of  no  special  diflSculty  to  one 
who  accepts  the  principle  of  nerve  substitution. 
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A  greater  diflSculty  is  presented  by  the  relation  of  two  nerves,  viz. 
the  abducens  and  the  trochlearis,  to  different  portions  of  the  myotome 
of  van  Wijhe's  second  somite  (Figs.  6  and  10).  Like  the  anterior  post- 
otic  myotomes  of  Petromyzon,  van  Wijhe's  second  myotome  divides 


Fig.  8.  —  A  diagram,  based  upon  a  cross  section  of  a  Petromyzon  embryo  of 
3.5  mm.,  showing  the  three  divisions  (M^m,  M^v,  I.  and  M^.  I.)  of  the  first 
post-otic  myotome,  and  their  relations  to  the  otic  capsule.  The  hypothetical 
primitive  connection  of  a  ventral  nerve  with  the  median  division  of  the  myo- 
tome is  shown.  This  portion  of  the  myotome  {M^m.)  disappears  in  ontogeny. 
The  two  divisions  lateral  to  the  ear  become  innervated  by  the  ventral  nerves 
of  the  fourth  and  fifth  post-otic  myotomes.  By  a  similar  substitution,  it 
may  be  inferred,  a  portion  of  the  myotome  of  van  Wijhe's  second  somite 
has  been  innervated  by  the  abducens,  the  nerve  of  a  post-otic  segment. 

M^d.  L,  M^v.  l.y  M^m.f  dorsolateral,  ventrolateral  and  median  divisions 
of  the  first  post-otic  myotome;  o^,  otic  capsule. 

Fig.  9.  —  A  diagram,  based  upon  a  frontal  section  in  the  occipital  region  of  a 
Petromyzon  embryo  (4  mm.)  showing  the  relations  of  tne  anteriormost 
post-otic  ventral  nerves  to  the  myotomes.  The  diagram  also  shows  the 
division  of  the  anterior  post-otic  myotomes  into  a  median  portion  and  a 
portion  lateral  to  the  ear.  Two  alternative  explanations  of  the  peculiar 
nerve  relations  shown  in  the  diagram  may  be  given.  First,  the  nerve  (v.  n.) 
which  innervates  the  five  anteriormost  post-otic  myotomes  is  composed 
of  the  fused  ventral  nerves  of  these  five  segments,  each  of  which  retains  its 
primary  connection  with  its  related  myotome.  Second,  the  ventral  nerves 
associated  with  the  anterior  myotomes  (Af .,  M^y  M^)  have  disappeared  with 
the  median  division  of  the  myotome,  while  the  lateral  persisting  portions 
have  become  innervated  by  the  nerves  of  the  two  following  myotomes 
(M,,  M g)  by  a  process  of  substitution.  To  those  who  hold  the  Hensen  theory 
of  the  primary  continuity  of  nerve  and  muscle,  the  former  explanation  will 
seem  the  only  tenable  hypothesis.  If  this  explanation,  how^ever,  were  cor- 
rect, we  should  expect  to  oe  able  to  find  the  nidulus  of  the  nerve  extending 
anteriorly  to  the  otic  capsule.  Of  this,  there  is  no  evidence.  This  fact,  taken 
together  with  the  overwhelming  evidence  in  favor  of  the  process  theory  of 
nerve  development,  tends  to  support  the  second  explanation.  The  relations 
of  the  abducens  to  van  Wijhe's  second  and  third  myotomes  are  likewise  best 
explained  as  a  result  of  nerve  substitution. 

M^-M^,  Myotomic  divisions  of  the  anteriormost  five  post-otic  somites; 
M^m.f  median  (transient)  division  of  the  second  post-otic  myotome;  Ot., 
otic  capsule;  v.  n.,  ventraJ  nerve. 
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ontogenetically  into  a  dorsal  portion  forming  the  superior  oblique 
muscle  (innervated  by  the  trochlearis)  and  a  ventral  portion  forming 
a  part  of  the  posterior  rectus  muscle  (innervated  by  the  abducens). 
The  eye  seems  to  be  the  chief  factor  in  bringing  about  this  subdivision 
of  the  myotome,  acting  in  the  same  way  as  the  ear  in  the  case  of  the 
post-otic  myotomes  of  Petromyzon  (Figs.  7,  8  and  10).  It  may 
reasonably  be  assumed,  in  order  to  explain  the  distribution  of  the 
abducens  to  the  ventral,  and  of  the  trochlearis  to  the  dorsal,  of  the 


Fig.  10.  —  A  diagram  of  the  left  lateral  aspect  of  the  head  of  a  Squalus  embryo, 
showing  the  hypothetical  primitive  relations  of  the  eye  muscles  to  the 
lateral  trunk  musculature.  Those  myotomic  divisions  which  are  not  func- 
tional in  the  adult  Squalus  are  indicated  by  dotted  lines.  Only  those  pte- 
otic  myotomes  which  acquired  connection  with  the  bulbus  oculi  and  became 
functional  in  moving  the  eye  have  survived.  The  homologues  of  myotomes 
4,  5  and  6  are,  however,  functional  in  the  adult  Amphioxus  and  Petromyzon. 

abd.,  abducens;  m.  hy^,,  hypoglossus  musculature;  n.  hyp,,  hypoglossus 
nerve;  oc*m.,  oculomotorius ;  sp.,  spiracle;  tr*ch.,  trochlearis;  A.,  anterior 
somite  of  Miss  Piatt ;  ld-6<i,  dorsal  divisions  of  the  myotomes  of  van  Wijhe*s 
first  to  sixth  somites ;  !▼•  to  6v-,  ventral  divisions  of  van  Wijhe's  first  to  sixth 
somites;   I-VIII,  neuromeres. 

From  myotomic  division  Id  are  formed  the  anterior  and  superior  rectus 
muscles;  from  Iv.  are  formed  the  inferior  oblique  and  inferior  rectus;  from 
2<i  is  formed  the  superior  oblique,  innervated  by  the  trochlearis;  from  2v.  and 
3v.  is  formed  the  posterior  rectus  muscle,  innervated  by  the  abducens. 

two  portions  of  the  myotome,  that  like  the  first  post-otic  myotome  of 
Petromyzon  the  myotome  divided  into  three  portions  (see  Fig.  8)  of 
which  the  median  has  disappeared  in  phylogeny  and  with  it  the  related 
ventral  nerve;  that  a  part  of  the  nerve,  however,  has  persisted  in 
connection  with  the  dorsal  division  as  the  trochlearis  of  the  modern 
gnathostome,  while  the  abducens  has  grown  forward  along  the  ventral 
division  of  the  lateral  trunk  musculature  as  the  nerve  of  the  posterior 
rectus  muscle.  Dohm  ('04)  has  interpreted  the  innervation  of  the 
second  somite  by  two  nerves  as  evidence  that  this  somite  represents 
two  fused  somites.    Three  facts,  however,  may  be  mentioned  in  objec- 
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tion  to  this  interpretation.  First,  since  every  spinal  ventral  nerve  is 
distributed  to  two  myotomes  and  every  trunk  myotome  is  innervated 
by  two  ventral  nerves,  the  connection  of  van  Wijhe's  second  myotome 
with  two  ventral  nerves  by  no  means  proves  this  myotome  to  be  double. 
Second,  the  two  divisions  of  the  second  myotome  which  are  innervated 
by  the  trochlearis  and  the  abducens  are  dorso-ventral  in  their  rela^ 
tions  to  one  another  and  not  antero-posterior  as  required  by  Dohrn's 
interpretation.  Third,  the  motor  niduli  of  the  trochlearis  and  ab- 
ducens are  too  remote  from  one  another  in  the  brain  to  belong  to  suc- 
cessive adjacent  metameres,  as  would  be  necessitated  by  Dohm's 
interpretation.  I,  therefore,  conclude  that  the  distribution  of  the 
trochlearis  and  abducens  to  one  myotomic  segment  receives  its  most 
reasonable  explanation  in  the  assumption  of  a  usurpation  by  the 
abducens  of  a  part  of  the  primitive  area  of  distribution  of  the  ti'och- 
learis. 

Perhaps  the  most  difficult  of  all  the  problems  connected  with  the 
morphology  of  the  eye  muscle  nerves  is  that  of  the  ultra-dorsal  emer- 
gence and  the  dorsal  chiasma  of  the  trochlearis.  That  these  peculiar 
rities  are  not  primitive  but  have  been  secondarily  acquired  is  evinced 
both  by  the  histogenesis  and  by  the  adult  histology  of  the  trochlearis. 
The  problem  reduces  itself  to  the  determination  of  the  conditions 
under  which  the  ultra-dorsal  emergence  has  developed,  since  the 
ultra-dorsal  emergence  of  nerve  fibres  would  readily  lead  through 
slight  variations  in  the  length  and  in  the  direction  of  growth  of  the 
nerve  fibres  to  the  development  of  the  dorsal  chiasma.  The  recent 
discovery  by  Dohm  ('07)  of  fibres  of  the  trochlearis  chiasma  out- 
side of  the  brain-wall  is  significant  in  this  connection.  Now,  it  is 
self-evident  that  any  shifting  of  the  point  of  emergence  of  nerve  fibres 
would  be  determined  by  a  shifting  of  the  area  of  distribution.  Thus 
the  trochlearb  losing  connection  with  the  ventral  portion  of  its  myo- 
tome (which  became  innervated  by  the  abducens)  and  retaining  its 
connection  only  with  the  dorsal  division  which  became  the  superior 
oblique  muscle  of  the  eye  and  migrated  dorsally  with  the  enlarge- 
ment of  the  eye,  naturally  acquired  a  more  dorsal  point  of  emergence 
of  its  fibres  from  the  brain  wall.  Furthermore,  since  the  cephalic 
flexure  is  greatest  in  the  region  of  the  origin  of  the  trochlearis,  the 
growth  and  extension  of  the  muscle  would  tend  to  bring  the  muscle 
into  a  more  dorsal  position  and  would  even  bring  the  two  antimeric 
muscles  into  contact  above  the  brain  wall.  Under  such  conditions 
the  trochlearis  would  not  only  acquire  a  more  dorsal  point  of  emer- 
gence from  the  brain  wall  but  might  also  develop  a  dorsal  chiasma. 
The  fact  that  the  chiasma  of  the  trochlearis  is  in  some  selachian 
embryos  outside  of  the  brain  wall  lends  support  to  this  hypothesis, 
which  subjects  our  credulity  to  no  such  test  as  that  imposed  by  Fiir- 
bringer's  ('02)  transmigration  theory.  Whether  or  not  the  hypothesis 
advanced  above  will  describe  correctly  how  the  trochlearis  acquired 
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its  chiasma,  there  is  indeed  nothing  in  its  relations  or  its  histogenesis 
to  exclude  it  from  the  category  of  ventral  (somatic  motor)  nerves. 
We  may,  therefore,  regard  the  eye  muscles  with  their  associated 
nerves  as  the  last  remnants  in  the  pre-otic  region  of  the  lateral  (soma- 
tic) musculature  kept  from  degeneration  through  relationship  to  the 
eyeball.  The  metameres  which  they  represent  are  serially  homologous 
with  those  of  the  trunk. 
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THE   LATERAL  LINE  SYSTEM   OP  POLYODON 
H£NRY  F.  NACHTRIEB 

The  lateral  line  system  of  Polyodon  spathula  is  composed,  on 
each  side,  of  a  main  canal,  two  branches,  some  fifty  branchlets,  and, 
according  to  some,  the  many  thou- 
sands of  so-called  primitive  pores. 

The  main  canal  (Fig.  1)  extends 
from  near  the  tip  of  the  dorsal  lobe 
of  the  tail  along  the  side  of  the 
body  to  and  along  the  dorsal  side 
of  the  head,  dividing  near  the  eye 
into  a  supra-orbital  division,  that 
passes  up  by  the  external  nares,  and 
a  suborbital  division,  that  passes 
forward  ventral  to  the  eye,  and  then 
runs  forward  along  the  ventral  side 
of  the  bill  to  near  the  tip  of  the  bill, 
where  it  unites  with  its  fellow  of  the 
opposite  sicle. 

Close  behind  the  eye  are  given 
off  (1)  the  supra-occipital  branch, 
which  passes  almost  transversely 
across  to  the  median  dorsal  line, 
where  it  ends  without  uniting  either 
directly  or  indirectly  with  its  fellow 
of  the  opposite  side,  and  (2)  the  hyo- 
mandibular  branch,  which  passes 
down  to  and  behind  the  angle  of 
the  mouth  whence  it  continues  for- 
ward as  the  mandibular  division. 

The  system  thus  far  described 
is  evident  externally  excepting  in 
the  immediate  neighborhood  of  the 
post-temporal  bone  and  on  the  bill 
and  the  region  immediately  in 
front  of  the  eye. 

All  along  the  main  canal  and 
its  branches  there  are  given  off 
short  tubes,  that  I  shall  call  branchlets,  which  divide  into  two  to  seven 
or  more  "poretubes"  that  open  to  the  exterior  through  as  many  small 
pores. 


Fig.  1.  —  After  a  Photograph  op 
THE  Externally  Evident  Por- 
tion OP  THE  Lateral  Line  System 
Painted  Out  on  the  Dried  Skin. 
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On  the  ventral  side  of  the  bill  these  branehlets  with  their  pore- 
tubes  present  a  series  of  striking  rosette-like  or  dendritic  figures.  They 
are  the  only  external  evidence  of  the  system  on  the  bill,  and  are  quite 
inconspicuous  in  most  cases.  Indeed  the  entire  system  is  more  evi- 
dent in  some  cases  than  in  others,  and,  in  general,  I  think  it  is  more 
evident  in  the  winter  than  in  the  summer.  At  first  glance  the  two 
series  appear  to  constitute  a  series  of  pairs.  Closer  examination, 
however,  convinces  one  that  their  arrangement  does  not  represent  an 
underlying  metamerism. 

The  branehlets  of  the  main  canal  along  the  side  of  the  body  and 
tail  are  also  non-metamerically  arranged.  Neither  is  there,  with 
reference  to  the  branehlets,  any  evidence  of  bilateral  symmetry  nor 
of  polarity.  This  is  just  as  true  of  the  branehlets  of  the  supra-occipi- 
tal and  hyo-mandibular  branches.  By  far  the  larger  number  of  die 
branehlets  of  the  body  and  tail  are  on  the  ventral  side  of  the  main 
canal.  The  average  of  eight  specimens  places  (in  round  numbers) 
twenty-two  on  the  dorsal  side  and  eighty-two  on  the  ventral  side. 
There  is,  however,  a  great  deal  of  variation  in  this  distribution,  both 
between  individuals  and  the  two  sides  of  any  one  individual 
(Fig.  2.) 


IV 
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The  following  table  gives  the  distribution  of  the  branehlets  in  the 
two  series  represented  in  figure  2: 


Lbpt  Su)b. 

RiQHT  Side.                            1 

Dorsal. 

Ventral. 

Dorsal. 

Ventral. 

A.  17 

B.  10 

C.  17 

D.  14 

28     +  12  in  taU 
34+10      " 
29+11      " 
33     +  12      " 

10 

8 

13 

16 

32     +  12  in  tail 
35     +  11      " 
33+14      " 
32     +  17      " 

Average,  14.5 

31     +  11  in  tail 

11.7 

33     +  13.5  in  tail 

I.  12 

II.    4 

m.  10 

IV.  10 

28     +  10      " 
10     +  14      " 
23+8      " 

28     +    7      " 

7 
11 
13 

4 

39+8      " 
41     +  11      " 
23+5      " 

40     +    7      " 

Average,  9 

29.7 +  9.7  in  tail 

8.7 

37.6+    7.7  in  tail 

^ 


\ 


Pig.  2. —  The  Main  Canal   and 

"  BrANCHLETB  **  OF  THE  TrUNK 

AND  Tail  of  Foub  Immature 
(I-IV)  Specimens  and  Four 
Mature  (A-D)  Specimens.  The 
LiNBS  were  Painted  Out  on 
THB  Cured  Skins  and  then 
Fhotooraphbd. 
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The  average  of  the  branchlets  in  these  two  series  is,  in  round 
numbers,  one  hundred  and  eight  for  the  body,  fifty-three  on  the  left 
side,  and  fifty-five  on  the  right  side. 

There  is  one  peculiarity  in  the  relation  of  the  branchlets  to  the 
main  canal  that  may  be  noted  in  passing.  Near  the  head  the  branch- 
lets  on  the  body  tend  to  run  close  to  and  parallel  with  the  main  canal, 
and  not  infrequently  they  pass  over  to  the  other  side  of  the  canal 
and  there  end  in  poretubes.  It  is  also  noteworthy  that  relatively 
the  tail  portion  of  the  main  canal  has  a  large  number  of  branchlets, 
all  on  the  ventral  side  of  the  main  canal. 

Wherever  the  canal  is  evident  externally  it  lies  in  the  connective 
tissue  beneath  the  epithelium  covering  the  body  (Fig.  3).    At  other 


Fig.  3. — Sketches  based  on  Camera  Lucida  Drawings,  showing  the  Rela- 
tions OF  the  Branchlets  and  Sensory  Ridges,  and  the  Cabtilaqinous 
Rings  and  Tubercles. 

points  it  is  within  or  under  some  bone  or  bones.  In  general  the 
canalf  branchlets,  and  poretubes  appear  circular  in  transverse  sec- 
tion. The  canal  and  branchlets  are  protected,  and  made  evident 
externally,  by  a  series  of  irregular  cartilaginous  rings  outside  the 
connective  tissue  that  supports  the  blood  and  lymph  vessels  and 
nerves  immediately  under  the  lining  epithelium  of  the  canal  and 
branchlets.  In  general  the  epithelium  of  the  canal  is  a  low  flat  epi- 
thelium. But  at  irregular  intervals,  usually  near  the  entrance  of  a 
branchlet,  there  is  a  mound  or  ridge  of  sense  buds  on  the  inner  or 
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muscle  side  of  the  canal.  The  epithelium  of  these  mounds  or  ridges 
is  differentiated  into  two  distinct  types  of  celb  more  or  less  segr^ated 
into  several  groups.  One  is  a  large  clear  cell,  tapering  and  narrow 
both  at  the  base  and  the  outer  end,  with  a  distinct,  usually  centrally 
located,  nucleus.  The  other  is  a  darker  and  narrower  cell  with  the 
nucleus  near  the  base  or  between  this  point  and  the  outer  end  of  the 
cell.  Neither  type  of  cell  has  the  outer  end  differentiated  into  any 
distinct  hair  or  rod-like  processes.  Nerve  fibrils  enter  up  between 
the  two  types  of  celb  but  the  preparations  obtained  thus  far  do  not 
enable  me  to  say  positively  that  they  are  more  particularly  related  to 
one  type  than  to  the  other. 

I  find  nothing  else  of  the  nature  of  a  sense  organ  in  connection 
with  this  system.  Here  and  there  a  cartilage  b  extended  as  a  conical 
projection  or  tubercle  up  through  the  epithelium,  producing  the 
appearance  of  a  more  or  less  clear  area  with  a  slit-like  valve.  None 
of  these  clefts  in  the  epithelium  open  into  the  canal  or  any  of  its 
branchlets.  These  tubercles  bear  no  definite  relation  to  the  canal 
and  may  be  found  entirely  outside  of  the  canal  region. 

At  present  I  have  nothing  new  to  add  on  the  function  of  thb 
system.  My  work  on  the  innervation  has  yielded  one  or  two  sur- 
prises and  I  prefer  to  say  nothing  about  that  until  I  have  more 
precise  data. 
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FiQ.  4. —  Camera  Lucida  Sketches  showing  the  Arrangement  of  the 
"  PRiMrnvB  Pores  *'  on  a  Piece  op  the  Operculum,  the  Dorsal  and 
Ventral  Surpaces  op  a  Small  Piece  of  the  Bill,  and  a  Section  through 
Four  "  Primitivb  Pores." 

Scattered  over  the  bill  and  head  of  Polyodon  are  many  thousands 
of  pits,  the  so-called  primitive  pores.    These  are  open  invaginations 
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of  the  epithelium  that,  owing  to  the  massing  of  pigment  celb  around 
them,  appear  as  black  spots.  In  certain  regions  there  is  always  a 
small  number  unpigmented  and  inconspicuous.  They  are  arranged 
in  clusters  of  three  to  thirty  or  more,  and  these  primary  groups  are 
collected  into  more  or  less  definite  secondary  groups  as  shown  in 
figure  4.  The  pits  are  empty  or  more  or  less  filled  with  a  peculiar 
mucus,  and  the  many-layered  epithelium  at  the  mouth  of  the  pit  is 
represented  by  a  single  row  of  cells  of  two  distinct  types  at  the  bot- 
tom of  the  pit  (Fig.  4).  One  type  is  a  clear  cuboidal  cell  with  a  dis- 
tinct round  nucleus  having  two  to  five  nucleoli-like  bodies.  The 
other  is  a  much  darker  cell,  less  clearly  defined  and  moi*e  elongated 
or  flattened,  with  a  conspicuous  large  oval  nucleus  that  usually  has 
but  one  irregularly  shaped  necleolus-like  body.  These  cells  overlap 
and  more  or  less  cover  the  clear  cells  and  have  their  nuclei  in  the 
outer  region.  Neither  type  has  any  specially  developed  processes  or 
hairs.  Slaterial  preserved  by  certain  methods  will  yield  finger-like 
projections,  but  preparations  well  preserved  in  every  respect  do  not 
show  them.  At  present  I  am  unable  to  decide  whether  the  nerve 
fibrils  are  more  intimately  related  to  the  one  kind  of  cell  than  to  the 
other. 

I  have  never  found  any  of  these  pits  connected  with  the  lateral 
canal  system,  and  while  there  is  a  general  resemblance  of  the  two 
types  of  cells  to  those  of  the  sensory  ridge  of  the  lateral  canal  there  is 
no  morphological  evidence  for  the  view  that  these  pits  ("primitive 
pores")  are  a  part  of  the  lateral  line  system  or  that  tiiey  ever  were  a 
part  of  it. 

What  is  their  function?  I  have  no  experimental  evidence  to 
offer.  The  abundance  of  the  peculiar  mucous-like  secretion  found 
in  many  specimens  and  the  character  of  the  epithelium  indicate  that 
the  function  at  least  is  not  primarily  that  of  a  special  sense  organ.  If 
the  primitive  pore  is  a  sense  organ  at  all  it  is  one  of  low  differentiation. 
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BEITRAGE    ZUR    KENNTNISS    TIBER     DEN     VERDAUUNGS- 
TRACTUS   DES  CRYPTOBRANCHUS   JAPONICUS 

GAKUTARO  OSAWA 

Nachdem  Albert  M.  Reese  eine  Arbeit  iiber  den  Darmtractus  von 
Cryptobranchus  cUlegheniensis  verofFentlicht  hat,  halte  ich  es  fiir 
angezeigt,  iiber  die  Bauverhaltnisse  desselben  Organsystems  bei  dem 
jenem  ausserlieh  so  ahnlich  sehenden  Cryptobranchus  in  Japan  zu 
berichten,  da  zumal  durch  den  intemationalen  Zoologen-Congress  in 
Boston  mir  eine  gute  (Jelegenheit  geboten  ist. 

Indem  ich  aber  wegen  Gfenauerem  auf  meine  demnachst  er- 
scheinende  Arbeit  verweise,  mochte  ich  nur  einige  Punkte  anfUhren, 
welche  Reese  zur  Rede  gebracht  hat,  und  richte  mich  auch  nach  der 
Reihenfolge,  welche  der  genannte  Forscher  eingeschlagen  hat. 

Mundh5hle.  —  Die  Configuration  und  der  Bau  der  Mundhohle 
sind  auch  beim  Cryptobranchiis  japonicua  genau  dieselben  wie  bei 
dem  amerikanischen. 

Die  Zunge  praesentiert  sich  auch  beim  japanischen  als  eine  grosse 
Schleimhautfalte  am  Mundboden,  welche  ihren  bogenformigen  freien 
Rand  nach  vorn  richtet,  und  deckt  die  dorsale  Seite  des  Zungenbein- 
skelettes.  Das  Organ  besitzt,  entsprechend  der  Angabe  von  Reese 
eine  nur  sparliche  Muskelschicht  in  der  Unterlage.  Die  Schleimhaut 
bildet  zahlreiche  Langsfalten  und  bietet  im  Querschnitt  ein  Bild 
von  Papillen  und  Thalem  dar,  von  denen  die  letzteren  als  tubulose 
Drlisen  genonunen  werden  konnten,  zumal  ihr  Epitheliiberzug  aus 
hellen  bla^henartigen  Zellelementen,  Becherzellen  besteht. 

Eigentiimliche  Sinnesorgane,  die  den  G^schmacksknospen  ent- 
sprechen  diirften,  kommen  in  der  Schleimhaut  der  Zunge  vor,  obwol 
Reese  beim  amerikanischen  Tiere  keine  Spur  davon  finden  konnte. 
Sie  lassen  sich  ferner  in  der  Gaumenschleimhaut  und  der  ausseren 
Flache  der  Lippe  vorfinden. 

Wie  Reese  hervorgehoben  hat,  ist  das  Epithel  der  Zungenschleim- 
haut  durch  Besitz  zahlreicher  Becherzellen  ausgezeichnet;  diese 
kommen  am  meisten  in  den  Vertiefungen  der  Schleimhaut  vor, 
weniger  an  den  Leisten,  da  sich  hier  andersartige  Zellen  beimischen. 
Normale  Epitheldecke  aus  einem  geschichteten  Platten-Epithel,  wie 
sie  in  der  Mundhole  im  allgemeinen  vorzukommen  pflegt,  ist  nur 
inselartig  da  und  dort  zu  finden. 
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Oesophagus.  —  Die  weite  Mundhohle  wird  eng  und  geht  etwa 
trichterartig  in  den  engen  Oesophagus  iiber.  Als  Grenze  wird  sich 
wol  eine  Falte,  welche  vom  hinteren  Abschnitt  des  Zungenbeinbogens 
zur  Schadelbasis  hinzieht,  bezeichnen  lassen.  Die  Schleimhaut  besitzt 
zahheiehe  Langsfalten  und  wird  mit  einem  mehrreihigen  Flimmer- 
epithel  uberzogen.  Auch  hier  sind  die  Becherzellen  sehr  zahbeich, 
so  dass  die  Flimmerzellen  an  manchen  Stellen  von  ihnen  verdrangt 
zu  sein  scheinen.  Driisen  jeglicher  Art  fehlen.  Submucosa  enthalt 
an  vielen  Stellen  Lymphknotchen.  Die  Muscularis  ist  nicht  gleich- 
massig  entwickelt,  indem  im  cranialen  Abschnitt  des  Oesophagus 
nur  eine  circulare  Faserschicht  vorkommt,  zu  welcher  nur  im  cau- 
dalen  Abschnitt  eine  sparliche  aussere  Longitudinalschicht  sich 
hinzugesellt. 

Magen.  —  Reese  schreibt,  dass  die  Grenze  zwischen  Magen  und 
Oesophagus  nicht  so  scharf  markiert  ware,  wie  diejenige  zwischen 
Oesophagus  und  Pharynx;  beim  Cryptobranchus  japonicus  aber  ist 
diese  Grenze  mit  ziemlicher  Sicherheit  zu  bestimmen.  Abgesehen 
von  dem  Farbenunterschied,  welcher  nur  beim  frischen  Material  zu 
constatieren  ist,  ist  eine  leichte  Einschniirung  zu  finden,  welche  der 
Spitze  des  trichterformigen  Oesophagus  entspricht,  und  gegen  welche 
zahlreiche  feine  Schleimhautfalten  convergieren  um  sich  dann  in  die 
etwas  groberen  Falten  des  Magens  fortzusetzen. 

In  Bezug  auf  die  Bauverhaltnisse  ist  keine  grosse  Diflferenz 
zwischen  den  beiden  Tierarten  zu  merken.  Das  Schleimhautepithel 
besteht  aus  einer  Reihe  von  hohen  Cylinderzellen  mit  einem  hell  aus- 
sehenden  Teil,  dem  Oberende  Oppel's,  an  der  Spitze. 

Die  Muscularis  mucosae  besteht  aus  einer  inneren  circularen  und 
ausseren  longitudinalen  Schicht. 

Die  Submucosa  weist  ein  adenoides  (Jeprage  auf. 

In  der  Muskelhaut  ist  die  innere  circulare  Schicht  viel  starker  als 
die  aussere. 

Die  Magendriisen  sind,  wie  Reese  angegeben  hat,  von  zweierlei 
Formen.  Die  von  ihm  so  genannten  Cardiadriisen  sind  auch  beim 
japanischen  Cryptobranchus  meist  verzweigt,  indem  in  einem  Aus- 
fUhrgang  mehrere  Driisenschlauche  ausmiinden.  Der  AusfUhrgang 
ist  innen  mit  hellen  Epithelien  uberzogen,  welche  "mucous  region  '* 
Reese's  bilden.  Die  2iellen  der  Driisenschlauche  sind  ziemlich  gross, 
rundlich,  oder  eckig.  Der  Zellleib  zeigt,  besonders  gegen  das  Driisen- 
lumen  zu,  feine  Granula  und  lassen  sich  mit  Anilinfarben  gut  farben. 
Sie  sind  dem  Aussehen  nach  den  Belegzellen  der  hoheren  Tiere 
ahnlich. 

G^gen  den  Pylorus  zu  werden  die  AusfUhrgange  relativ  langer  und 
die  eigentlichen  Driisenschlauche  kUrzer  und  vielfach  gewunden. 
Die  Zellen  der  letzteren  sind  kleiner. 

Weiter  gegen  das  Duodenum  hin  werden  die  DrUsen  und  ihre 
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Ausflihrgange  immer  kiirzer  und  bieten  schliesslich  nur  das  Aussehen 
einfacher  Schleimhautkrypten  mit  einer  inneren  hellen  2^11eiiau9- 
kleidung  dar. 

Darm.  —  In  Bezug  auf  den  Diinndarm  kann  ich  nichts  Bcson- 
deres  finden,  wodurch  man  die  beiden  Cryptobranchus-Arten  von  ein- 
ander  unterscheiden  kann.  Unerwahnt  mochte  ich  jedoch  nicht  lassen 
die  Angabe  Reese's,  dass  namlich  zwischen  den  gewohnliehen  Cy- 
Knderzellen  und  den  Becherzellen  des  Dunndarmes  alle  Ubergangs- 
formen  vorkommen  sollen.  Er  schreibt:  **  All  stages  may  be  seen, 
from  the  columnar  cell  that  is  just  beginning  to  become  clean  and 
swollen  at  its  outer  end,  to  the  fully  formed,  typical  goblet  cell." 
Ich  hatte  namlich  seiner  Zeit  die  Behauptung  aufgestellt,  dass  die 
Becherzellen  aus  den  gewohnliehen  Cylinderzellen  hervorgehen 
konnen,  und  sehe  in  dem  Satz  Reese's  eine  willkonunene 
Bestatigung. 

Hinterdarm.  —  Reese  schreibt:  "Rectum  or  cloaca."  Ich  halte 
es  jedoch  fur  richtig,  den  Hinterdarm  in  den  Enddarm  oder  Rectum 
und  die  Kloake  einzuteilen. 

Das  Rectum  stellt  namlich  einen  langeren  cranialen  Abschnitt  des 
Hinterdarmes  dar,  wahrend  ein  kiirzerer  caudaler  Teil  der  Kloake 
zufallt. 

Jenes  ist  auch  beim  Cryptobranchvs  japonicus  in  gleicher  Weise 
gebaut,  wie  es  von  Reese  beim  amerikanischen  geschildert  worden 
ist.  Die  hier  so  genannte  Kloake  wurde  von  Reese  nicht  beriick- 
sichtigt;  ich  halte  es  jedoch  fur  wichtig,  auch  diesen  Teil  mit  zur 
Rede  zu  bringen,  da  er  manche  Verhaltnisse  darbietet,  welche  fur 
vergleichend-anatomische  Betrachtung  sehr  interessant  sind.  Die 
Kloake  besitzt  an  der  dorsalen  Wand  die  Papilla  urogenitaUs  und  an 
der  ventralen  die  Blasenmiindung.  Das  aus  Becher-  und  Cylinder- 
zellen bestehende  Epithel  macht  allmahlich  gegen  die  IGoakenspalte 
zu  dem  geschichteten  Plattenepithel  des  Integumentes  Platz.  Nach 
aussen  davon  befindet  sich  eine  starke  Schicht  quergestreifter  Muskeln, 
welche  das  Schleimhautrohr  circular  umgiebt.  Die  Muskeln  treten 
aber  nicht  mit  der  Schleimhaut  in  unmittelbarer  Beriihrung,  sondern 
sind  durch  eine  Lage  Driisen  von  dieser  getrennt.  Die  Driisen  selber 
sind  also  in  den  IGoakenlippen  eingeschlossen  und  gehoren  einer 
zusammengesetzten  tubulosen  Form  an.  Ihre  Wand  ist  mit  einer 
einfachen  Schicht  von  hellen  cylindrischen  Zellen  ausgekleidet. 
Grossere  Ausflihrgange,  welche  manchmal  eine  ampullenartige  Er- 
weiterung  bilden,  miinden  am  freien  Rand  der  Kloakenlippen  aus. 
Die  Driisen  sind  beim  mannlichen  Tiere  weit  besser  ausgebildet  als 
beim  weiblichen.  Sie  gehoren  den  Kloakendriisen  an,  welche  bei  ver- 
schiedenen  anderen  Tieren  beschrieben  worden  sind.  In  dieser  Be- 
ziehung  steht  der  Cryptobranchm  japonixms  unter  den  Urodelen  dem 
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Menobranchus  lateralis  am  nSchsten  und  ist  von  Salamander  und 
Triton  sehr  verschieden.  Wie  es  mit  dem  genannten  Organ  beim 
Cryptobranchus  aUeghenienses  steht,  weiss  ich  nicht,  glaube  aber, 
dass  auch  hier  keine  grosse  Differenz  bestehen  wird. 

Nach  dem  oben  geschilderten  also  ist  wol  zu  ersehen,  dass  die 
beiden  Cryptobranchus- Arten  im  Bau  des  Darmtractus  beinahe  ganz 
iibereinstimmen,  wie  sie  auch  ausserlich  einander  sehr  ahnlich  sehen. 
Die  Frage  aber,  ob  man  sie  zu  einer  gleiehen  Art  vereinigen  darf, 
muss  entschieden  verneint  werden.  Ein  auflfallender  Unterschied 
z.  B.  besteht  im  Verhalten  der  Spermien.  Dank  der  Giite  des  Herm 
Dr.  Reese  war  ich  im  Stande,  die  Spermien  der  beiden  Tiere  direct  zu 
vergleichen.  Die  Spermien  des  Cryjdcbranchvs  aUegheniensis  be- 
sitzen  namlich  eine  viel  machtigere  Grosse  und  erweisen  sich  auf  den 
ersten  Blick  ganz  different  von  denjenigen  des  Cryptobranchus 
japonicus. 
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SUR  LA  GENfiSE  DU  NfiVRAXE,  SPfiCIALEMENT  SUR 
CELLE  OBSERVEE  CHEZ  LE  PfiLOBATE  BRUN 
(PELOBATES  FUSCUS  WAGL.) 

C.  VAN  BAMBEKE 

Si  nous  faisons  abstraction  de  TAmphioxus,  on  s'accorde  h  distin- 
guer,  ches  les  Vert^br^s,  deux  modes  de  formation  du  tube  mAlullaire. 
Dans  un  de  ces  modes,  le  plus  r^pandu,  la  plaque  m^ullaire  en 
s'invaginant  donne  naissance  k  une  goutti^,  la  goutti^re  m^ullaire; 
puis  les  Ifevres  de  la  gouttifere  —  replis  ou  bourrelets  mAlullaires, 
replis  dorsaux  —  se  rapprochent  de  plus  en  plus  de  la  ligne  mAlio- 
dorsale  et  finissent  par  se  rejoindre  et  se  toucher.  La  gouttifere  se 
transforme  ainsi  en  tube,  le  tube  m^uUaire,  reconvert  par  la  lame 
com^  ou  ^piderme. 

Dans  un  second  mode,  T^bauche  de  Taxe  nerveux,  apr^  Tappari- 
tion  ^ph^mfere  d'un  sillon  superficiel,  est  une  masse  pleine,  affectant  en 
g^n^ral  la  forme  d'une  carfene;  plus  tard  seulement,  elle  se  transforme 
en  tube.  D'aprfes  plusieurs  auteurs  (Kupflfer,  Groette,  Hoffmann),  ce 
mode  se  laisserait  facilement  ramener  au  prfe^ent.  L'apparition  de 
la  cavity  dans  la  masse  pleine,  apparition  sur  laquelle  nous  ne  voulons 
pas  insister  ici,  a  6t6  diversement  expliqu^. 

Le  premier  mode  de  genfese  du  n^vraxe  est  consid^r^  comme 
propre  aux  Chondropt^rygiens,  aux  Granoides  k  Texclusion  du  L^pi- 
dost^,  aux  Amphibiens,  aux  Reptiles,  aux  Oiseaux  et  aux  Mammi- 
f^res;  le  second,  comme  caract^ristique  de  la  formation  du  tube 
m^ullaire  des  Cyclostomes,  du  L^pidost^  et  des  Td^st^ns.  A  ce 
classement  g^n^ralement  admis,  on  pent  reprocher  de  ne  pas  tenir 
compte  d'un  certain  nombre  d'exceptions,  des  espfeces  d'un  des 
groupes  rang^  dans  le  premier  mode  devant  trouver  place  dans  le 
second,  et,  invers^ment,  des  espies  d'un  des  groupes  appartenant  au 
second  mode  pr&entant  des  caractferes  propres  au  premier;  il  existe 
d'ailleurs  des  dispositions  sp^iales  qui  s'^cartent  des  deux  modes 
pr^it^. 

Ainsi  la  carfene  compacte  attribu^  k  tous  les  Cyclostomes  ne  se 
forme  pas  chez  les  Myxinoides  (Bashford  Dean);  I'^bauche  du 
n^vraxe  des  Ganoides  cartilagineux  se  distingue,  par  certaines 
particularity,  de  celle  caract^ristique  de  la  plupart  des  Vert^br^s; 
dans  le  groupe  des  Dipneustes,  la  disposition  varie  d'apr^  les  genres; 
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panni  les  Td^st^ens,  ou  trouve  aussi  des  exceptions  a  la  rfegle. 
Comme  le  prouvent  les  r^ultats  obtenus  par  Goronowitseh  et  Jablo- 
nowski,  le  mode  de  developpement  du  systfeme  nerveux  du  Brochet 
difffere,  sans  certains  rapports,  de  ce  qui  s'observe  chez  les  Tfl^o- 
st^ns  en  g^n^ral. 

Chez  Chondrostoma,  Groronowitsch  a  vu  les  cellules  ectodenniques 
superficielles,  a  Texclusion  de  la  lame  enveloppante,  enclav^es  dans  la 
carfene  m^ullaire  et  rappelant,  par  leur  aspect,  la  disposition  figupfe, 
par  Calberla,  chez  le  Syngnathe. 

On  admet  que,  chez  tous  les  Amphibiens:  Apodes,  Urodfeles  et 
Anoures,  le  systfeme  nerveux  s'^bauche  d'aprfes  le  mode  ordinaire, 
c'est-a-dire  par  formation  d'une  gouttifere  m^ullaire  qui  se  trans- 
forme  en  tube.  II  n*est  par  fait  mention  du  mode  de  genfese  du  n^vraxe 
chez  le  Probate  brun,  sur  lequel  j'ai  attir^  Tattention  des  Tann^  1867. 
Or,  ce  mode  de  genfese  s'fearte  notablement,  non  seulement  de  celui 
consid^r^  comme  caract^ristique  des  Amphibiens  en  g^n^ral,  mius 
encore  des  divers  modes  observe,  jusqu'  a  present,  chez  les  autres 
Vert^brfe.  Ainsi  s'expliquent  les  doutes  qu'  Alex.  Goette,  dans  son 
grand  ouvrage  sur  le  developpement  du  BombiTuxior  igneus,  ^met  au 
sujet  de  Texactitude  de  mes  recherches.  Ces  doutes  ne  sont  pas 
justifife;  c'est  pourquoi  je  me  permets  de  revenir  sur  les  r^sultats 
consign^s  dans  mon  m^moire.  N'ayant  pas  trouv^  Toccasion  de  les 
controler  a  Taide  d'un  materiel  nouveau,  j'ai  6t4  r^uit  a  utiliser  un 
certain  nombre  de  mes  anciennes  preparations;  mais,  au  lieu  de 
devoir  renvoyer  aux  figures  de  mon  precedent  travail,  je  puis  foumir, 
cette  fois,  comme  pi^es  justificatives,  quelques  photographies  dont  la 
plupart  me  paraissent  suffisamment  demonstratives. 

Void  ce  que  ces  photographies  nous  apprennent : 

(a)  Une  gouttifere  se  forme  aux  d^pens  de  la  lame  enveloppante 
(UmhiiUungshaiU  de  Reichert  —  Deckschicht  de  Gotte)  sans  la 
participalion  de  la  vraie  plaque  medidlaire. 

(b)  Les  replis  ou  bourrelets  formes  par  la  lame  enveloppante  qui- 
delimitent  la  gouttifere  se  rapprochent  sans  se  soulever  et  finissent  par 
arriver  en  contact  au  niveau  de  la  ligne  m^dio-dorsale.  La  fermeture  de 
la  gotUtihre  s*est  done  faite  sans  intervention  de  la  plaqve  medidlaire, 

(c)  C'est  sevlemerd  apris  cette  fermeture,  que  la  plaque  meduUaire 
va  donner  naissance  au  vrai  tube  meduUaire,  en  se  recourbant  et  en 
emprisonnant  les  cellules  invaginees  de  la  membrane  enveloppante. 

Si  Ton  cherche  a  expliquer  ce  qui  differencie  essentielement  la 
gen^  du  nevraxe  du  Pelobate  de  celle  de  la  plupart  des  autres 
Batraciens  Anoures,  on  constate  que,  chez  ces  derniers,  la  lame  cou- 
vrante  et  la  plaque  meduUaire  participent  simultanement  a  cette 
genfese,  tandis  que,  chez  le  Peiobate,  la  participation  des  deux 
couches  ectodermiques  n'est  pa^  simuUanee,  la  plaque  meduUaire  etant 
en  retard  sur  la  lame  couvrante.  En  d'autres  termes,  la  formation 
du  tube  meduUaire  du  Peiobate  comprend  deux  phases  distinctes : 
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(a)  Formation  et  fermeture  de  la  gouttifere  aux  d^pens  de  la  seule 
lame  couvrante;  (b)  enveloppement,  par  la  plaque  m^duUaire,  des 
cellules  invagin^  de  cette  lame  qui  finissent  par  delimiter  la  lumi^re 
du  tube. 

Peut-on,  malgr^  la  dissemblance  qui  s^pare  la  gen^  du  n^vraxe 
du  Probate  de  celle  des  autres  Vert^br^s,  les  comparer  dans  une 
certaine  mesure?  Parmi  les  particularity  qui  accompagnent  la 
formation  du  systfeme  nerveux  des  TAmphioxus,  des  Td^st^ns,  des 
P^tromyzontes  et  des  Esturgeons,  particularity  sur  les  quelles  nous 
ne  pouvons  insister  ici,  il  en  est  qui  sont  plus  ou  moins  eomparables  k 
certaines  phases  de  cette  formations  chez  le  Probate  brun. 

L'exception  foumie,  par  cet  Anoure,  au  mode  suivant  lequel 
s'^bauche  le  n^vraxe  de  ce  groupe  d'Amphibiens,  n'est  pas  isol^.  En 
effet,  d'apr^  Lilian  V.  Sampson,  le  syst^me  nerveux  d'un  autre 
Anoure,  Hylodes  Martinicensis,  aurait  une  origine  comparable  a 
celle  du  systfeme  nerveux  des  Td^Dst^ens  et  du  L^piodost^,  c'est-ardire 
qu'il  d^buterait  sous  forme  de  carfene. 

Les  faits  sur  lesquels  nous  venons  d'attirer  Tattention,  permettent 
de  f ormuler  les  conclusions  suivantes : 

(a)  Le  systfeme  nerveux  de  Vert^br^s  plus  ou  moins  doign^s  les 
uns  des  autres  pent  s'^baucher  suivant  un  mode  identique. 

(b)  Par  contre,  le  syst^me  nerveux  d'esp^es  rapproch^  entre  elles 
peut  s'^aucher  suivant  des  modes  distincts. 

(c)  II  existe  des  formes  interm^iaries  reliant  les  deux  modes 
principaux  suivant  lesquels  s'^bauche  le  systfeme  nerveux  des  Vert^br^s 
(Lepidosiren,  Esox.). 

(d)  Par  la  manifere  dont  il  s'Aauche,  le  systfeme  nerveux  du 
P^lobate  brun  s'^arte,  non  seulement  de  celui  des  autres  Anoures, 
mais  encore  de  celui  des  Vert^brfe  en  g^n^ral. 

Dans  un  m^moire  paru  en  1884,  John  A.  Ryder,  aprfes  s'etre 
occupy  de  la  genfese  du  n^vraxe  de  la  Morue,  faisait  remarquer  que 
le  mode  de  d^veloppement  de  ce  n^vraxe  chez  les  T^l^st^ns,  les 
Amphibiens,  les  Elasmobranches,  les  Marsipobranches,  TAmphioxus, 
les  Oiseaux,  les  Reptiles  et  les  Mammif^res,  diflfere  trop,  dans  ces 
divers  groupes,  par  les  caractferes  essentiels  et  les  details,  pour  per- 
mettre  d'^baucher  une  thA^rie  g^n^rale  de  la  gen^  du  syst^me  nerveux 
des  Vert^r^s.  Malgr^  les  faits  acquis  depuis  lors,  la  remarque 
faite  par  Ryder  n'a  rien  perdu  de*son  actuality. 

Pourtant  certains  embryologbtes  se  sont  occup^s  de  la  phylogenfese 
du  n^Vraxe  des  Vert^br^s.  Nous  nous  trouvons  en  presence  de  deux 
opinions  oppose.  Pour  Balfour,  la  fonnatioh  d'une  goutti^re 
m6dullaire  ouverte,  delimit^e  par  des  replis  dorsaux,  repr^senterait  le 
mode  primitif.  Au  contraire,  d'apr^  Charles  Sedgwick  Minot,  ce 
mode  serait  secondaire  et  d^riverait  du  cordon  m^uUaire  plein  des 
T^^st^ns  et  des  P^tromyzontes.  Tout  en  reconnaissant  qu'il  n'est 
pas  possible,  pour  le  moment,  de  so  prononcer  en  faveur  de  Tune  ou 
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de  Tautre  de  ces  deux  opinions,  Tauteur  croit  a  la  justesse  de  celle 
soutenue  par  lui,  parce  qu'il  consid^re  la  carfene  m^dullaire  masave 
n^  d'un  ^paississement  de  Tectoderme,  comme  correspondant  au 
cordon  nerveux  des  Ann^lides.  A  Texemple  de  Balfour,  Henry  V. 
Wilson  admet  que  la  goutti^re  m^ullaire  ouverte  repr^sente  le  mode 
primitif.  L'existence,  chez  les  Chondropt^rygiens,  du  mode  ordinaire 
avec  gouttifere  ouverte  parle  plut6t  en  faveur  de  Topinion  de  Balfour 
et  de  Wilson.  Toutefais,  si  Ton  consid^re  combien  sont  relativement 
peu  nombreux  les  VertAr^s  dont  on  connait  le  mode  de  gen^se  du 
n^vraxe,  et  si  Ton  tient  compte  des  particularity  relev^,  par  T^tude 
de  cette  genfese,  chez  plusieurs  espies,  les  tentatives  ayant  pour  but  de 
tirer  au  clair  la  phylogenfese  du  n^vraxe  pour  louables  qu'elles  soient, 
nous  paraissent  encore  pr^matur^s  et  incapables  d'aboutir  a  un  r6- 
sultat  satifsaisant. 
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THE  NERVOUS  SYSTEM  OP  THE  AMERICAN  LEOP- 
ARD FROG,  RANA  PIPIENS,  COMPARED  WITH 
THAT  OF  THE  EUROPEAN  FROGS,  RANA  ESCU- 
LENTA   AND  RANA    TEMPORARIA   (FUSCA) 

HENRY  H.  DONALDSON 

In  collaboration  with  Doctor  Schoemaker  (1900),  I  determined 
the  weight  of  the  brain  and  spinal  cord  in  specimens  of  the  American 
leopard  frog,  Rana  pipiens. 

The  only  observations  of  a  like  kind  available  for  comparison  were 
those  on  the  European  frogs,  R.  escvlenta  and  R.  temporaria,  made 
by  Fubini  (1881). 

From  a  study  of  his  results,  it  was  necessary  to  conclude  that 
either  the  European  species  were  very  irregular  in  the  weight  of 
their  central  nervous  system  and  its  parts,  or  that  Fubini's  inves- 
tigations had  not  been  made  with  sufficient  care. 

The  choice  between  these  conclusions  remained  open  until  1904, 
when,  in  July,  I  was  able  to  examine  a  series  of  R.  temporaria  in 
Professor  Sherrington's  laboratory  at  Liverpool,  and  in  August,  a 
series  of  R.  escvlenta  in  Professor  Gaule's  laboratory  at  Zurich. 
During  August,  also.  Doctor  Hatai,  at  my  request,  made  correspond- 
ing observations  on  a  series  of  R,  pipiens  at  Chicago. 

The  results  obtained  from  these  three  series  of  observations  are 
those  which  I  now  wish  to  present 

Twelve  specimens  of  R.  pipiens  and  of  R.  temporaria  and  eleven 
of  R.  esculerUa  were  used,  and  these  ranged  in  body  weight  from  11 
to  45  grams. 

For  each  individual  there  was  determined  — 

(1)  Sex;  (2)  Body  weight;  (3)  Total  length;  (4)  Weight  of 
brain;  (5)  Weight  of  spinal  cord;  (6)  Percentage  of  water  in  the 
brain;  (7)  Percentage  of  water  in  the  spinal  cord.  The  conditions 
and  metiiods  of  observation  were  uniform  for  all  three  series. 

In  plotting  the  results  and  forming  the  tables  we  have  used  the 
averages  obtained  from  every  three  successive  specimens  in  each 
series,  and  thus  there  are  four  entries  on  each  chart  and  in  each  table. 

In  considering  the  diflferences  which  have  been  found  in  the  ner- 
vous system  of  the  American,  as  compared  with  the  European  species, 
it  is  well  to  bear  in  mind  that  in  external  form  and  appearance  — 
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color  marks  excepted  —  the  three  species  are  very  similar  to  one 
another;  moreover,  they  are  similar  in  the  following  characters: 

(1)  In  range  in  body  weight     (The  largest  specimens  being 
always  females.) 

(2)  In  the  ratios  obtained  by  dividing  the  body  weight  by  the  total 
length. 

TABLE  I 
Average  Body  Weight  peb  Millimeter  of  Length 


Body  weight 
in  grains. 

Body  weight 

per  millimeter 

in  grams. 

R.  pipiens 

R,  eaculerUa  .... 
R.  temporaxia  .   .   . 

14.9 
23.2 
30.8 
43.2 

15.9 
22.0 
35.0 
40.2 

15.9 
23.1 
28.0 
31.3 

.102 
.135 
.168 
.218 

.114 
.134 
.199 
.208 

.107 
.137 
.162 
.177 

These  values  for  the  three  species  run  parallel,  and  the  smaller 
differ  on  the  average  by  4.1  %  and  2.3%  respectively  from  K  esculenta, 
which  gives  the  highest  figures. 

R,  pipiens  has  die  most  slender  build. 

(3)  In  the  fraction  of  the  total  length  represented  by  the  com- 
bined lengths  of  the  leg  bones. 

TABLE  II 
Total  Length  bt  Combined  Length  of  Leg  Bones. 

R.  pipiens   . 68.7% 

R.  eaculerUd 70.7  % 

R,  temporaria     ....  69.4  % 

(4)  Jn  the  proportional  lengths  of  the  several  leg  bones. 
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TABLE  III 
Pbopobtional  Lenoth  or  Leo  Bones 


Femur. 

Tibia. 

Foot. 

R.  pipiens 

R.  eseulerUa 

R,  ternpoTcaria  .... 

25.5% 
26.3% 
26.1% 

29.3% 
28.2% 
28.7% 

45.2% 
45.5% 
45.2% 

(5)  In  the  arrangement  of  the  branches  of  the  nerves  to  the  leg. 
(Dunn,  1900.) 

In  contrast  to  these  similarities  are  the  differences  which  appear 
in  the  nervous  system. 

TABLE  IV 
Weight  of  the  Central  Nervous  Ststem  in  Grajis 


Body  weight 
in  grams. 

C.  N.  S. 

R,  pipiens,   .   .   . 

14.9 

.1040 

23.2 

.1256 

30.8 

.1463 

43.2 

.1674 

R,  escuUrUa  .    .    . 

15.9 

.    .   .0890 

22.0 

.1142 

35.0 

.1403 

40.2 

.1502 

R.  temporaria  .   . 

15.9 

.0929 

23.1 

.1108 

28.0 

.1213 

31.3 

.1323 

Table  IV.  shows  that  the  central  nervous  system  is  heaviest  in 
B.  pipiens,  next  in  R.  escvlervta  and  least  in  R,  temporaria.  The 
weight  of  the  nervous  system  in  R,  escvlenta  is  89%  and  in  R,  tem- 
poraria 88%  of  that  in  R.  pipiens. 
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TABLE 

V 

Wmam  aw  thb 

Bbaih  ahd  of  tbx  &dlii«  Cord  i 

or  Grams 

m  grams.         1            ««***- 

ConL 

R.  pipUnM 

14.9 

J0725 

J0315 

23.2 

JOSGd 

xmo 

30.8 

.1023 

.0440 

43.2 

.1165 

.0509 

R.e$adenia 

15.9 

joeao 

itt70 

22.0 

.0788 

XiS54 

35.0 

.0949 

i)453 

40.2 

.1008 

.0490 

R.  temporaria.  .  .   . 

15.9 

.0635 

.0294 

23.1 

.0721 

.0387 

28.0 

-     .0791 

.0422 

31.3 

.0862 

.0461 

TABLE  VI 
Ratio  of  Brain  WEioffr  to  Cord  Wekjrt 


Body  weight 
in  grams. 

Ratio. 

R,  pipienM  •  •   •   . 

14.9 

2.33 

23.2 

2.22 

30.8 

2.32 

43.2 

2.28 

R.  eteulenta    .  .   . 

15.9 

2J29 

22.0 

2.22 

35.0 

2.09 

40.2 

2.05 

R,  tetnpcTOTtQ,  •  . 

15.9 

2.15 

23.1 

1.86 

28.0 

1.87 

31.3 

1.87 
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Table  V.  shows  that  the  brain  weights  run  in  the  same  order. 
The  spinal  cords  of  R.  pipiena  and  R.  temporaria  have,  however, 
nearly  the  same  weight,  and  both  are  heavier  than  that  of  R.  esculenta 
which  is  95%  of  that  in  R.  pipiens. 

Table  VI.  shows  that  the  proportional  weight  of  the  brain  to 
that  of  the  spinal  cord  also  follows  the  order  of  Sie  brain  weights. 


TABLE  VII 
Percentage  op  Water  in  Brain  and  Spinal  Cord 


Body  weight 
in  grams. 

Brain  %. 

Spinal  cord  %. 

R,  pipiena 

14.9 

84.5 

80.2 

23.2 

84.7 

80.1 

30.8 

85.0 

80.5 

43.2 

85.7 

81.2 

R.  eaculerUa 

15.9 

83.6 

78.6 

22.0 

83.3 

78.9 

35.0 

83.3 

78.4 

40.2 

83.2 

78.3 

R,  temporaria,  .   .   . 

15.9 

82.7 

78.6 

23.1 

82.3 

77.2 

28.0 

82.1 

76.9 

31.3 

81.6 

77.8 

Table  VII.  shows  that  the  percentage  of  water  in  both  the  brain 
and  spinal  cord  follows  the  order  of  the  brain  weights. 

This  concludes  the  comparison  of  the  three  species,  but  we  have 
in  addition  data  which  enable  us  to  compare  R.  pipiens  with  R. 
esctUenta  alone  as  to  the  number  of  fibers  in  the  spmal  nerve  roots, 
and  with  R.  temporaria  alone  as  to  the  length  of  the  internodes. 

In  a  female  specimen  of  R.  pipiens  weighing  48.2  grams  Hardesty 
(18W)  counted  14,583  medullated  fibers  in  the  roots  of  one  side. 

In  a  specimen  of  R.  escvlenta  counted  by  Birge  (1882)  there  were 
—  when  reduced  for  the  same  size  as  Hardesty*s  specimen  —  8,922 
fibers^  showing  therefore  a  minus  difference  of  5,661  fibers.    In  other 
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wordSi  R.  escvlenta  has  only  61  %  as  many  nerve  fibers  as  are  found 
in  the  spinal  nerve  roots  of  R.  pipiens. 


TABLE  Vni 

The  Number  op  Mbdullated  Fibers  in  the  Spinal  Nerve  Roots  op  one 
Side  op  R,  pipiena  and  op  R,  eactdenta.  Gaupp'b  Numbering  op  the 
Spinal  Nerves. 


R.  pipiens.    48.2  gms. 

R,  eaculerUa,    48.2  gms. 
(reduced  from  63  gms.). 

Dorsal. 

Ventral. 

Dorsal. 

Ventral. 

II. . 

IIL  . 

IV.  . 

V.  . 

VI.  . 

VII.  . 

VIIL  . 

IX,  . 

X.  . 

XL  . 

132 

2496 

329 

371 

299 

350 

1108 

2108 

1171 

61 

1045 
1478 
379 
163 
127 
251 
377 
1295 
721 
321 

115 
1530 

245 

179 

208 

171  .    . 

521 
1022 

921 
38 

727 
905 
446 
98 
106 
148 
132 
807 
409 
197 

Table  VIII.  shows  the  numerical  relations  for  each  of  the  several 
spinal  nerves  in  the  two  species,  the  motor  and  sensory  fibers  being 
distingubhed. 

The  ratio  of  the  number  of  motor  to  the  number  of  sensory  fibers 
is  not  the  same  in  the  two  species,  as  is  shown  in  Table  IX, 


TABLE  DC 

Ratio  of  Motor  to  Sensory  Fibers 

Motor  to  Sensory. 

R,  pipiena  has 1   .   .   .  1.36 

R.  eaculerUa 1  .   .    .  1.24 

R.  pipiens  has  therefore  relatively  more  sensory  fibers. 
A  comparison  of  the  results  of  Boycott  (1904)  on  the  length  of  the 
internodes  in  R,  temporaria  with  the  corresponding  (unpublished) 
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observations  of  Takahashi  on  R.  pipiens,  shows  that  in  R.  pipiens 
the  internodes  are  shorter,  having  64%  or  about  two-thirds  of  the 
length  found  in  R.  temporaria. 

The  frogs  which  I  examined  in  Europe  did  not  support  Fubini's 
results,  and  I  therefore  conclude  that  his  work  was  not  done  with 
sufficient  care  to  make  his  findings  valuable. 

From  the  observations  here  presented  it  appears  that  the  three 
species  studied  are  similar  in  general  form  and  proportions,  but  that 
R.  pipiens  has  — 

(1)  A  heavier  central  nervous  system. 

(2)  A  heavier  brain  and  spinal  cord. 

(3)  A  heavier  brain  in  relation  to  the  weight  of  the  spinal  cord. 

(4)  A  greater  percentage  of  water  in  both  the  brain  and  spinal  cord. 

(5)  A  larger  number  of  medullated  fibers  in  the  spinal  nerves 
(when  compared  with  R.  escuUrda). 

(6)  A  slightly  greater  proportion  of  sensory  fibers  (when  com- 
pared with  R,  escidenta). 

(7)  Shorter  internodes,  implying  a  larger  number  of  sheathing 
cells  (when  compared  with  R.  temporaria). 

These  characters  may  all  be  counted  to  the  credit  of  R,  pipiens 
as  indicating  a  slightly  higher  development  of  its  nervous  system. 

I  have  ventured  to  present  these  observations  in  order  to  show 
that  considerable  differences  may  exist  in  the  nervous  systems  of 
species  zoologically  closely  related,  and  also  to  call  attention  to  the 
fact  that  for  physiological  purposes  we  must  regard  the  American 
species  as  decidedly  different  from  the  Europeao. 

If  we  may  use  the  anatomical  differences  here  noted  as  a  basis 
for  physiological  predictions,  we  might  expect  the  American  leopard 
frog  to  give  more  perfect  general  reactions  associated  with  less  per- 
fect reflex  ones,  and  abo  to  find  that  it  was  both  more  sensitive 
and  stronger. 
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THE  CEPHALIC  VEINS  OF  REPTILES 

(Abstract) 
HENRY  L.  BRUNER 

The  larger  cephalic  veins  of  lizards,  snakes  and  turtles  have 
been  described  by  Rathke/*^  Grosser  and  Brezina'  and  others,  but 
these  authors  have  made  no  attempt  to  work  out  the  closer  relations 
of  the  veins  or  to  follow  their  tributaries.  A  more  thorough  study  of 
this  field  is  especially  suggested  by  the  fact  that  the  head  of  these 
reptiles  contains  large  blood  sinuses  whose  significance  has  not 
been  explained  in  a  satisfactory  way.  In  this  brief  abstract  I  shall 
confine  myself  to  a  description  of  general  conditions  occurring  in 
Lacerta  agilia.  For  additional  details  in  regard  to  this  and  other 
forms  the  reader  is  referred  to  the  author's  article  in  the  American 
Journal  of  ^Anatomy,  Vol.  7,  pp.  1-41,  1907. 

Practically  all  of  the  blood  of  the  anterior  part  of  the  head  of 
Lacerta  is  poured  into  the  siniis  orbitalis,  a  great  blood  space  which 
lies  between  the  bulbus  and  the  orbital  wall.  Its  most  important 
tributary  is  the  vena  maxiUaris.  The  sinus  is  drained  by  the  vena 
jugidana  interna,  which  receives  also  two  veins  from  the  brain  {v. 
cerebralis  media  and  v.  cerebralis  posterior)  and  a  vein  from  the 
lower  jaw  {v.  mandibviaris).  As  it  enters  the  neck  the  vena  jugvlaris 
interna  probably  carries  nine-tenths  of  all  the  blood  from  the  cranium, 
face  and  jaws.  The  remainder  of  the  blood  from  the  dorsal  part  of 
the  head  is  transmitted  by  the  vena  spinalis  and  the  vena  jugtUaris 
externa.  The  tongue,  trachea  and  floor  of  the  mouth  are  drained 
by  the  vena  trachealis  of  Grosser  and  Brezina. 

The  chief  sinuses  of  the  head  of  the  lizard  are:  (1)  The  sinits 
orbitalis,  which  is  drained  directly  by  the  internal  jugular  vein. 
(2)  The  siniLs  vestibiUi  nasi,  which  surrounds  the  nasal  opening  and 
ihe  deeper  parts  of  the  nasal  vestibule.  It  is  drained  by  the  vena 
maxillaris.  (3)  The  palatine  sinuses,  which  lie  in  the  submucosa 
of  the  roof  of  the  mouth.  They  are  connected  indirectly  both  with 
the  siniis  orbitalis  and  the  vena  jugvlaris  interna.  (4)  The  cranial 
sinuses.  Under  this  head  I  include  the  sinus-like  veins  of  the  brain 
and  other  related  sinuses  which  lie  wholly  or  partly  outside  of  the 
cranial  cavity. 

In  addition  to  these  conspicuous  sinuses  the  veins  and  capillaries 
are  generally  more  or  less  enlarged  throughout  the  head,  especially 
in  the  skin  and  mucous  membranes. 

^  Rathke,  H.    Entwicklungsgeschichte  der  Natter.   Eftniffsbera,  1839. 

*  Rathke,  H.    Ueber  die  Entwicklung  der  Schildkr5ten.    Kdmgsberg,  1848. 

*  Grosser  and  Brezina.    Ueber  die  Entwickliing  der  Venen  des  Kopfes  und 
Halses  der  Reptilien.    Morph.  Jahrb,,  Bd.  23. 
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A  MOULTING  MECHANISM  IN  LIZARDS 

(Abstract) 
HENRY  L.  BRUNER 

One  of  the  most  striking  characteristics  of  the  vascular  system 
of  the  lizards  is  the  great  development  of  blood  sinuses  in  the  head. 
These  include  not  only  intracranial  sinuses  such  as  we  find  in  mam- 
mals, but  also  facial  sinuses  which  probably  occur  only  among  rep- 
tiles. Important  contributions  to  our  knowledge  of  fhese  sinuses 
have  been  made  by  Leydig/  Weber,*  Grosser  and  Brezina*  and 
others,  but  these  authors  have  not  offered  a  satisfactory  explanation 
of  the  origin  and  significance  of  the  sinuses.  I  have  attempted  to 
furnish  a  solution  of  these  problems  in  a  recent  article  in  the 
American  Journal  of  Anatomy*  to  which  I  would  refer  those  who  are 
interested  in  the  detaib  of  die  subject.  In  this  abstract  I  wish  to 
present  a  brief  summary  of  some  of  the  more  importaipt  points  of 
that  article. 

A  Swell  Mechanism  in  the  Head  of  Lizards.  Prolonged 
study  of  the  lizards  has  shown  that  the  blood  sinuses  form  part  of 
a  complicated  mechanbm  which  is  used  to  produce  intumescence 
and  enlargement  of  the  soft  parts  of  the  head. 

(1)  Among  the  active  parts  of  this  swell  mechanbm  the  most 
important  is  a  small  striated  muscle  which  invests  the  internal  jugular 
vein  (m.  constrictor  venae  jugvlaris  intemae).  The  muscle  is  located 
at  a  point  where  the  trunk  vein  receives  tfie  vena  cerabralis  poste^ 
rior,  about  one-half  of  the  muscle  fibers  lying  posterior  to  the  entrance 
of  the  tributary  vein.  Through  this  part  of  the  jugular  vein,  under 
ordinary  conditions,  pass  nine-tenths  of  all  the  blood  from  die  cra- 
nium, face  and  jaws.  In  all  the  species  examined  the  muscle  arises 
from  the  parotic  process,  chiefly  from  the  lateral  portion  of  the  ex- 

'  Leydie.    Die  in  Deutscfdand  ld>enden  Arten  der  Saurier,     1872. 

*  Max  Weber.  Ueber  die  Nebenorgane  des  Auges  der  Reptilien.  Archiv 
f.  NaJturgeach.,  43,  1877. 

'  Grosser  and  Biezina.  Ueber  die  Entwicklung  der  Venen  des  Kopfes  und 
Raises  der  Reptilien.    Morph,  Jahrb,,  23,  1895. 

*  Bruner.  On  the  Cephalic  Veins  and  Sinuses  of  Reptiles,  with  Description 
of  a  Mechanism  for  raising  the  Venous  Blood  pressure  in  the  Mead.  Am.  Jour. 
Anat.,  7, 1, 1907. 
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occipital  bone  (occipUale  laierale).  In  a  few  forms,  such  as  Lacerta 
agilis,  the  muscle  inserts  on  a  free  epibranchial  cartilage  which  lies 
on  the  median  side  of  the  jugular  vein  (second  epibrancdoial  cartilage 
of  Parker). 

The  constrictor  muscle  is  innervated  by  fibers  which  have  been 
traced  to  the  ganglion  swperius  vagi. 

(2)  Another  characteristic  muscle  of  the  swell  mechanism  of  the 
lizards  is  the  protrusor  octdi,  which  I  described  for  the  first  time  in 
the  American  Journal  of  Anatomy,  Vol  7,  p.  54,  1907.  The  muscle 
lies  at  the  origin  of  the  internal  jugular  vein,  directly  posterior  to 
the  orbit  In  contraction  it  exercises  a  double  function,  the  posterior 
part  compressing  the  jugular  vein,  while  the  anterior  part  elevates 
the  floor  of  the  sinus  orbitalis. 

The  protrusor  muscle  is  supplied  by  the  trigeminus  nerve,  the 
innervating  fibers  uniting  with  those  for  the  lower  lid  muscle  to  form 
a  common  trunk  {ramus  ad  m,  depressorem  palpebrae  inferioris  of 
authors). 

(3)  Another  important  agent  which  enters  the  service  of  the 
swell  mechanism  is  the  cardio-accelerator  apparatus.  During  the 
operation  of  the  swell  mechanism  the  rate  of  cardiac  pulsations 
increases,  the  acceleration  amounting,  in  some  cases,  to  as  much  as 
twenty  per  cent. 

A  more  rapid  heart-beat  seems  also  to  imply  vaso-motor  ad- 
justments which  would  aid  in  the  distension  of  the  veins  and  sinuses 
of  the  head. 

Operation  of  the  Swell  Mechanism.  In  the  operation  of  the 
swell  mechanism  three  different  stages  may  be  distinguished;  which 
together  form  a  normal  cycle  of  intumescence. 

(1)  The  first  stage  has  a  normal  duration  of  about  five  seconds, 
but  is  sometimes  much  longer.  It  is  characterized  especially  by 
contraction  of  the  constrictor  muscle  and  acceleration  of  the  heart- 
beat, probably  also  by  vaso-motor  adjustments,  including  dilation  of 
the  carotids  and  constriction  of  the  posterior  arteries.  During  this 
stage  the  veins  and  sinuses  are  gradually  filled  and  distended,  the 
orbital  region  is  protruded,  and  more  or  less  swelling  occurs  in  other 
parts  of  the  head.  With  the  ordinary  duration  of  this  stage  the 
venous  blood  pressure  reaches  a  maximum  for  the  existing  arterial 
pressure  and  at  this  point  the  distension  of  veins  and  sinuses  ceases. 
Then  follows 

(2)  The  second  stage,  in  which  the  venous  pressure  is  raised  to  a 
higher  level  by  the  contraction  of  certain  muscles.  The  duration  of 
this  stage  is  about  one-half  second.  It  b  marked  by  the  sudden 
activity  of  the  protrusor  ocuLiy  the  temporalis  and  the  bucco-pharyn- 
geal  muscles,  while  the  constrictor  muscle  still  maintains  its  tension. 
The  newly  acting  muscles  raise  the  blood  pressure  in  the  sinv^  orbitalis 
and  the  jugular  vein,  the  orbital  region  is  more  strongly  protruded. 
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and  a  wave  of  high  pressure  runs  through  the  smaller  veins  and 
sinuses  of  the  head.  In  view  of  these  events  it  is  not  improbable 
that  the  venous  blood  pressure,  at  least  in  the  larger  vessels,  exceeds 
the  local  arterial  pressure. 

(3)  The  third  stage  in  the  cycle  of  intumescence  is  a  stage  of 
reduction,  which  is  inaugurated  by  relaxation  of  the  muscles  which 
were  active  during  the  previous  stages.  The  decline  of  blood  pressure 
is  followed  by  a  slowing  down  of  the  heart-beat,  probably  also  by 
constriction  of  the  cephalic  arteries  and  dilation  of  the  posterior  ar- 
teries of  the  body. 

Exuviation  by  Means  of  Blood  Pressure.  The  first  theory 
that  I  entertained  in  regard  to  the  function  of  the  swell  mechanism 
was  suggested  by  the  remarkable  adaptations  for  frightening  enemies 
which  occur  among  the  lizards.  In  some  forms  the  head  is  provided 
with  dilatable  sacs  which  are  utilized  for  this  purpose,  and  it  seemed 
entirely  reasonable  to  suppose  that  in  such  cases  the  effects  might 
be  augmented  by  protrusion  of  the  eyes.  Evidence  in  favor  of  diis 
view  was  suggested  by  the  habits  of  certain  species  of  Phrynosoma, 
which  are  known  to  eject  blood  from  a  sinus  in  the  region  of  the  eye. 
It  is  believed  by  Hay*  that  the  ejection  of  blood  is  a  means  of  frighten- 
ing enemies,  and  it  is  probable  that  in  thb  case  the  swell  mechanism 
is  actually  used  as  a  fright  mechanism. 

Among  the  Sauria  as  a  group,  however,  such  a  function  is  prob- 
ably at  b^t  only  a  secondary  one.  Observations  on  different  species 
of  lizards  indicate  that  the  chief  function  of  the  mechanbm  is  to  aid 
in  exuviation,  which  process  it  facilitates  in  a  mechanical  way  by 
stretching  the  skin,  —  probably  also  in  a  physiological  way,  by  pro- 
viding a  more  liberal  supply  of  lymph  to  the  skin. 

The  importance  of  such  a  moulting  mechanbm  in  the  head  b 
readily  seen.  On  account  of  the  rigid  skull  and  the  attachment  of 
the  skin  to  the  openings  of  the  sense  organsjexuviation  b  more  difficult 
in  the  head  than  in  other  parts  of  the  body.  In  spite  of  thb  fact, 
however,  the  prompt  removal  of  the  old  epidermb  Irom  the  head  b 
necessary,  in  order  that  the  activities  of  the  sense  organs  may  not  be 
seriously  interfered  with. 

The  operation  of  the  moulting  mechanbm  under  natural  con- 
ditions b  not  difficult  to  observe  in  Anolis  caroliniensia  and  Scdo- 
forus  undvlaius.  The  same  movements  may,  however,  be  induced 
experimentally  by  the  application  of  court  plaster  or  mucilage  to  the 
head.  Thb  method  has  been  successfully  used  with  a  considerable 
number  of  species,  and  has  been  of  great  value  in  furnbhing  suitable 
material  for  the  study  of  the  moulting  mechanbm. 

The  Swell  Mechanism  in  Snakes  and  Turtles.    The  swell 

mechanism  occurs  in  a  simple  form  in  snakes  and  turtles,  in  both 

of  which  I  have  found  a  constrictor  muscle,  associated  with  well- 

^  Hay.    Ejection  of  Blood  by  Honied  Toads.    Froc.  U,  8.  NaL  Mu9.,  15, 1892. 
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developed  sinuses.  The  operation  of  the  mechanism  under  natural 
conditions  has  not  been  observed  in  either  of  these  groups.  It  is 
probable,  however,  that  in  the  snakes,  at  least,  the  mechanism  is . 
used  for  moulting  purposes.  In  the  turtles  gradual  desquamation 
takes  the  place  of  the  periodical  moult,  but  it  is  possible  that  the 
swell  mechanism  is  still  used  to  remove  the  old  strata  of  the  epidermis. 
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THE  FIFTH  AND   SIXTH  AORTIC  ARCHES  IN 
BIRDS  AND   MAMMALS 

WILLIAM  A.  LOCY 

When  the  aortic  arches  of  vertebrates  are  first  laid  down  in  the  de-* 
veloping  embryo  they  consist  of  circular  vesseb  which  pass  around  the 
pharynx  from  the  truncus  arteriosus  on  the  ventral  side  to  the  roots  of 
the  dorsal  aorta  above.  In  the  aquatic-breathing  vertebrates  they  send 
numerous  ramifications  into  the  walls  of  the  gill-arches  which  are  con- 
nected with  the  process  of  respiration,  and  in  those  forms,  even  in  the 
adult,  they  preserve  their  character  as  circular  vessels.  In  the  air- 
breathing  vertebrates,  however,  they  undergo  extraordinary  changes 
in  the  course  of  development :  some  of  them  disappear  completely, 
and  the  others  are  retained  in  a  greatly  modified  form.  It  is  this  cir- 
cumstance of  rapid  and  extensive  change  that  makes  it  difiicult  to 
decide  upon  some  points  that  are  of  primary  interest  to  anatomists. 

For  many  years  after  the  first  account  (Von  Baer  in  1827  and  1828) 
of  the  development  and  transformation  of  the  aortic  arches  in  birds 
and  mammals,  anatomists  were  of  the  opinion  that  there  are  five  aortic 
arches  in  those  two  classes  of  animals ;  but  this  view  was  changed  after 
the  discovery  of  Van  Bemmelen  in  1886  of  a  supernumerary  arch  be- 
tween the  systemic  and  pulmonic  arches  of  birds,  and  the  subsequent 
analysis  (1887)  by  Boas  of  the  findings  of  himself  and  others.  Boas 
suggested  that  a  transitory  fifth  arch  had  been  overlooked  by  investi- 
gators and  predicted  that  it  would  be  found  to  exist  in  mammals.  In 
1889  Zimmermann  discovered  such  an  arch  in  the  human  embryo 
and  in  that  of  the  rabbit.  After  these  observations  the  conclusion  was 
generally  adopted  that  there  are  six  aortic  arches  in  vertebrates  from 
the  Dipnoi  upwards.  In  1902  Tandler  brought  further  evidence  of 
the  existence  of  six  aortic  arches  in  human  embryos,  and  supplied  the 
first  published  sketches  showing  reconstructions  of  the  same.  Zim- 
mermann's  descriptions  are  very  explicit  as  to  anatomical  relationships, 
and  he  made  demonstrations  of  his  discoveries  before  the  Society  of 
German  Anatomists,  but  his  published  accounts  are  not  accompanied 
by  illustration. 

Up  to  this  time  there  had  been  little  dissent  to  the  conclusion  that 
there  are  six  aortic  arches  in  birds  and  mammals,  as  in  lower  verte- 
brates, and,  indeed,  their  number  in  birds  was  not  called  into  question ; 
but  in  December,  1903,  F.  T.  Lewis,  after  a  critical  examination  of 
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the  vascular  elements  in  the  neck  region  of  the  rabbit  embryo,  called 
attention  to  the  very  irregular  condition  of  the  blood  vesseb  between 
the  systemic  and  the  pulmonic  arches,  and  expressed  the  conclusion 
that  "The  irregular  small  arteries  around  the  fourth  entodermal 
pouch  do  not,  as  Zinmiermann  believed,  form  a  distinct  aortic  arch." 
This  position  was  reinforced  in  1905  by  a  report  on  the  further  analy- 
sis of  the  aortic  arches  by  Dr.  Lewis  in  both  rabbit  and  pig  embryos. 
In  the  discussion  of  his  observations  before  the  Society  of  American 
Anatomists  it  was  maintained  that  the  evidence  as  to  the  existence  of 
six  aortic  arches  in  mammals  is  at  least  ambiguous,  and,  further,  that 
the  identity  of  the  arch  from  which  the  pulmonary  artery  springs  in 
mammals  is  still  to  be  determined. 

The  question  thus  opened  is  an  important  one  for  the  comparative 
anatomy  of  the  arterial  system.  The  pulmonary  artery  arises  from 
the  posterior  arch  in  all  air-breathing  vertebrates,  and  observations 
have  established  the  fact  that  the  posterior  arch  is  number  six  in 
dipnoi,  amphibia,  reptilia  and  birds,  and  if  the  pulmonary  arch  in 
mammals  is  some  oAer  number  there  is  no  homology  between  this 
arch  in  manunals  and  in  the  other  vertebrate  classes.  There  are 
vascular  elements  between  the  systemic  and  the  pulmonic  arches  in 
mammals,  but  do  they  constitute  remnants  of  a  true  aortic  arch  ? 

The  Fifth  and  Sixth  Aortic  Arches  in  Birds.  —  The  exist- 
ence of  a  fifth  extremely  transitory  arch  between  the  fourth  and  the 
pulmonic  was  first  mentioned  by  Van  Bemmelen  in  1886.  His  brief 
communication  on  the  subject  was  not  illustrated,  and,  furthermore,  he 
gave  no  description  of  the  anatomical  relations  of  the  newly-mentioned 
arch  —  he  merely  indicated  its  presence.  His  complete  statement  re- 
garding the  fifth  arch  in  his  paper  of  1886  is  as  follows:  "Hinter 
der  vierten  Kiemenspalte  entstehen  beim  Huhnchen  wie  bei  Rep- 
tilien  nicht  ein,  sondem  zwei  Aortenbogen,  von  denen  der  vordere 
nur  sehr  geringe  Machtigkeit  erreicht  und  sehr  bald  wieder  versch- 
windet,  wahrend  der  hintere,  also  der  sechste,  zur  Art.  pulmonalis 
wird."  So  far  as  I  am  aware  the  first  drawing  and  the  first  descrip- 
tion of  the  anatomical  relations  of  the  fifth  arch  in  birds  was  published 
by  the  writer  in  1906  {Anat.  Anz.,  Bd.  XXIX,  p.  291). 

Figure  1  shows  a  camera  sketch  of  the  dissection  of  the  aortic  arches 
of  the  left  side  of  a  chick  embryo  of  about  four  and  one-half  days' 
incubation.  The  vascular  system  of  this  specimen  was  injected  by  in- 
troducing India  ink  into  the  liver  by  a  fine  hypodermic  needle  while  the 
heart  was  still  in  action.  The  India  ink  being  taken  up  by  the  circula- 
tion fills  the  blood  vessels  with  a  black  fluid,  and  after  dissection  they 
show  very  distinctly  outlined  against  the  white  background  of  tissue. 

Four  complete  arches,  the  third,  fourth,  fifth  and  sixth,  are  present 
on  both  sides  of  this  embryo.  The  sixth  is  curved  caudad  and  the  pul- 
monary artery  is  given  off  its  posterior  margin  about  midway  between 
its  extremities.   The  fifth  arch  is  an  offshoot  of  the  sixth.   It  b  a  slender 
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vessel,  arising  from  the  lower  fourth  of  the  sixth  arch  about  on  a  level 
with  the  bases  of  the  third  and  fourth  arches,  and  it  terminates  dor- 
sally  in  the  sixth  arch  not  far  from  the  point  where  the  latter  joins  the 
aortic  root.  The  fifth 
arch  is  slightly  curved 
cephalad,  but  in  another 
injected  specimen  its 
course  is  straight  so  that 
it  has  the  appearance  of 
a  cord  stretched  across  the  /" 
bow  of  the  sixth  arch.  / 
The  ready  passage  of  the  I 
injecting  fluid  into  it  \ 
shows,  however,  that  it  is 
a  true  vessel  and  not  a 
solid  cord. 

The  fifth  and  sixth 
aortic  arches  in  essen- 
tially the  same  phase  of 
development  have  been 
observed  in  seven  speci- 
mens of  the  chick  embryo  Fig.  1.  Dissection  of  the  injected  aortic  arches 
all  incubated  between  four  9^  »  c^ck  embryo  of  four  and  one-half  -days 
and  five  days.     Four  of      "^^^ 

these  were  injected  and  dissected  and  three  were  sectioned.  In  the 
four  injected  specimens  the  fifth  arch  shows  as  a  complete  vessel, 
and  in  all  it  is  an  offshoot  of  the  sixth. 

The  study  of  serial  sections  bears  out  the  interpretation  put  upon 
surface  views.  In  two  of  the  three  embryos  that  were  sectioned  the 
fifth  arch  was  present  only  on  one  side,  in  one  specimen  on  the  right 
side  and  in  the  other  on  the  left.  The  histological  structure  of  the 
fifth  arch  is  like  that  of  the  other  aortic  arches,  possessing  an  intima, 
circularly  arranged  muscles,  and  an  extremely  thin  covering  of  con- 
nective tissue. 

In  its  anatomy  and  histology  this  blood  vessel  agrees  in  all  essential 
features  with  the  other  arches,  and,  therefore,  we  conclude  that  it  is  a 
veritable  aortic  arch  which  makes  its  appearance  in  chick  embryos 
between  the  fourth  and  fifth  days  of  development.  Its  period  of 
existence  is  much  briefer  than  that  of  the  other  aortic  arches,  and  also 
it  is  subject  to  greater  individual  variation.  Inasmuch  as  it  cannot  be 
found  in  many  series  of  sections  of  the  right  age,  it  is  probable  that  it 
is  frequently  entirely  absent. 

The  Fifth  Aortic  Arch  in  Mammals.  — For  observations  of  the 
aortic  arches  in  mammals  I  have  had  the  entire  series  of  preparations 
of  rabbit  and  pig  embryos  made  by  Harriet  Lehmann  and  a  few  addi- 
tional slides  prepared  by  myself.    I  have  made  a  careful  study  of  this 
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material,  and  agree  with  Miss  Lehmann  (Zoolog.  Jahrb.,  Bd.  XXII, 
pp.  387-434)  in  all  points  regarding  the  development  in  these  two 
mammals  of  the  arterial  elements  between  the  systemic  and  puhnonic 
arches.  The  presence  of  a  complete  blood  vessel  between  the  fourth 
and  the  pulmonary  arch  in  mammals  was  first  demonstrated  by 
Zimmermann  (1889)  in  the  human  embryo  (Fig.  2).  It  was  first 
figured  by  Tandler  in  1902  (Fig.  4).  Zimmermann,  also  in  1889,  de- 
scribed a  complete  blood  vessel  in  the  same  position  in  the  rabbit  em- 
bryo (Fig.  7),  and  an  incomplete  one  in  the  sheep  (Fig.  9).  He  did  not 
publish  figures,  but  his  descriptions  of  the  anatomical  relationships  and 
of  the  relative  size  of  the  vessels  is  so  clear  that  diagrams  can  be  made. 

In  Figs.  2,  3,  4,  6,  7,  8  and  9  I  have  brought  together  outlines 
showing  the  condition  of  these  vesseb  in  mammals  as  described  by 
Zimmermann,  Tandler  and  Lehmann ;  these  being  the  authors  who 
have  observed  a  complete  arch  between  the  systemic  and  pulmonic 
arches  of  mammals.  Other  writers,  as  Lewis  (Fig.  10)  and  Lehmann, 
have  shown  a  very  irregular  arrangement  of  vascular  elements  in  the 
same  position  in  the  rabbit  and  pig. 

Fig.  2  shows  a  diagram  of  the  aortic  arches  in  a  human  embryo 
7  mm.  long.  The  general  outline  is  adapted  from  Tandler's  figure  of 
the  aortic  arches  in  a  similar  embryo,  and  the  "fifth"  arch  is  sketched 
in  according  to  the  descriptions  of  Zimmermann.  This  artery,  first 
actually  observed  by  Zimmermann,  was  described  by  him  as  being 
slightly  smaller  than  the  fourth  arch  and  given  off  between  the  first 
(lower)  and  second  thirds  of  that  arch.  It  is  at  first  directed  poste- 
riorly, then  taking  a  course  nearly  parallel  to  the  larger  arch  passes 
upward  and  unites  again  with  the  fourth  arch  between  its  middle  and 
last  thirds. 

Fig.  3  is  a  reconstruction  made  by  Harriet  Lehmann  of  the  aortic 
arches  in  a  pig  embryo  of  the  twenty-first  day  of  development.  This 
has  been  confirmed  by  the  writer.  The  supposed  fifth  arch  is  a  vessel 
arising  from  the  central  portion  of  the  fourth  arch,  and  passing  dorsad 
and  caudad  to  unite  with  the  pulmonary  arch  near  the  union  of  the 
latter  with  the  aortic  root.  It  is  also  connected  with  the  aortic  root  by 
an  independent  branch.  It  is  rather  diflScult  to  decide  whether  the 
main  path  of  the  vessel  in  this  specimen  is  from  the  fourth  arch  to  the 
aorta  or  from  the  fourth  to  the  pulmonic  arch,  but  from  the  other 
figures  in  Miss  Lehmann's  paper,  and  also  on  account  of  the  findings 
of  Tandler  in  rat  embryos  (Fig.  6),  I  think  that  the  latter  is  more 
probable. 

Fig.  4  is  a  diagram  of  the  aortic  arches  in  a  human  embryo  7  mm. 
long  as  reconstructed  by  Tandler.    (Compare  with  Fig.  2.) 

Fig.  5  is  a  camera  sketch  of  the  aortic  arches  of  the  left  side  of  a 
chick  embryo  of  four  and  one-half  days  incubation.  This  is  made 
from  an  actual  dissection  by  the  writer,  the  aortic  arches  having  been 
injected  with  India  ink.  / 
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Figs.  2,  3,  4  and  5  show  an  interesting  gradation  in  the  arrange- 
ment of  the  so-called  fifth  arch.  In  Fig.  2  it  is  an  offshoot  of  the 
fourth  arch,  in  Fig.  5  it  is  a  similar  offshoot  from  the  sixth  arch,  while 


Figs.  2-9.    Reconstructions  of  the  aortic  arches  in  various  mammals  and  in  the 
chick.    2,  4,  8,  human;  3,  pig;  5,  chick;  6,  rat;  9,  sheep. 

in  Fig.  3  it  connects  the  fourth  and  sixth  arches,  and  in  Fig.  4  runs 
from  the  truncus  arteriosus  to  the  sixth  arch. 

Fig.  6  shows  a  broad  vessel  connecting  the  systemic  and  pul- 
monic arches  —  a  condition  found  by  Tandler  in  the  rat  embryo. 
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Fig.  7  is  a  diagram  of  the  condition  of  the  aortic  arches  found  by 
Zimmermann  in  a  rabbit  embryo  of  about  the  eleventh  day  of  devel- 
opment. The  general  outline  is  taken  from  Harriet  Lehmann's  figure 
of  the  aortic  arches  of  a  rabbit  of  about  the  same  age,  and  the  "fifth" 
arch  is  sketched  from  Zimmermann's  statement  that  the  artery  in 
question  leaves  the  truncus  arteriosus  as  a  moderately  slender  vessel, 
broadens  gradually  until  it  becomes  about  one-half  the  diameter  of  the 
pulmonary  arch,  and  empties  into  the  aorta  close  to  the  distal  end  of 
the  latter  arch.  The  notable  circumstance  in  this  specimen  of  the 
rabbit  is  that  the  blood  vessel  extends  from  the  truncus  arteriosus  to 
the  aortic  root  as  an  unbranched  vessel.  This  stands  in  marked  con- 
trast to  the  conditions  described  and  figured  by  Lewis  in  rabbit  em- 
bryos of  a  similar  age. 

Fig.  8  is  an  outline  of  Tandler's  reconstruction  of  the  aortic  arches 
in  a  human  embryo  after  the  separation  of  the  systemic  and  pul- 
monic trunks.  The  relations  of  the  fifth  arch  are  the  same  as  repre- 
sented in  Fig.  4. 

Fig.  9  is  a  diagrammatic  sketch  of  the  aortic  arches  in  a  young  sheep 
embryo  based  on  the  description  of  Zimmermann.  In  1889  he  found 
in  an  incomplete  series  of  sections  of  a  sheep  embryo  a  vessel,  present 
on  both  sides  of  the  pharynx,  leaving  the  distal  end  of  the  pulmonic 
arch  and  extending  ventralward  between  the  systemic  and  pulmonic 
arches.  Owing  to  the  incompleteness  of  the  sections  he  was  not  able 
to  determine  its  ventral  termination. 

The  figures  just  described  embrace  the  cases  where  a  complete 
arterial  vessel  has  been  observed  in  mammals  between  the  systemic 

and  pulmonic  arches. 
The  great  irregularity  of 
the  vascular  elements  in 
this  region  is  best  repre- 
sented in  the  researches 
of  Lewis.  Fig.  10  shows 
one  stage  in  a  series  of 
graphic  reconstructions 
made  by  Lewis  to  show 
Fxc.  10.    G«gMc^n«^^tn.c^^n  fr^m  a^twelve^^  the   condition   of  these 

vessels  in  rabbit  embryos 
of  eleven,  twelve  and  twelve  and  one-half  days  development.  The 
figure  is  made  from  a  twelve-day  rabbit.  He  has  also  shown  a  similar 
irregularity  in  the  corresponding  vessels  in  the  pig  embryo. 

A  summary  of  the  observations  on  mammalian  embryos  shows  that 
we  have  the  following  conditions  of  vascular  elements  between  the 
fourth  and  pulmonic  arches: 

(a)  A  complete  arch  as  an  offshoot  of  the  fourth  arch  and  return- 
ing to  it  (human,  Zimmermann) ;  (6)  a  complete  arch  connecting  the 
fourth  and  pulmonic  arches  (pig,  Lehmann,  Locy;   rat,  probably. 
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Tandler);  (c)  a  complete  arch  from  the  truncus  arteriosus  to  the 
aortic  root  (rabbit,  Zimmermann);  (d)  a  complete  arch  from  the 
truncus  arteriosus  to  the  puhnonic  arch  (humwi,  two  cases,  Tandler) ; 
(e)  irregular  vascular  elements  from  the  fourth  arch,  the  aortic  root 
and  the  pulmonary  arch  (pig,  Lehmann,  Lewis;  rabbit,  Lewis,  Leh- 
mann ;  rabbit  in  stages  of  degeneration  of  the  arch,  Zimmermann) ;  and 
(/)  a  single  vessel  from  the  distal  end  of  the  pulmonic  arch  with  un- 
known ventral  connections  (sheep,  Tandler). 

In  the  light  of  all  these  observations  it  would  appear  that  the  vas- 
cular elements  between  the  fourth  and  the  pulmonary  arch  exhibit  great 
variability,  but  that  there  are  recorded  a  sufficient  number  of  cases  of 
their  aggregation  into  a  complete  vessel  to  justify  the  assumption 
that  there  is  a  fifth  aortic  arch  in  mammals  as  in  other  vertebrates. 

Lewis  says  (pp.  507  and  508) :  "The  aortic  arches  may  be  defined 
as  vessels  extending  from  the  ventral  to  the  dorsal  aorta  and  found 
either  between  the  successive  pharyngeal  pouches,  in  front  of  the  first, 
or  behind  the  last"  .  .  .  and  "Reviewing  all  these  observations, 
that  only  in  the  rabbit  and  sheep,  as  recorded  by  Zimmermann,  is  a 
typical  arch  found  among  mammals."  This  limits  the  conception  of 
an  aortic  arch  to  unnecessarily  narrow  boundaries,  and  would  exclude 
the  fifth  aortic  arch,  generally  accepted  by  anatomists  as  existing  in 
the  frog,  lacerta  and  the  chick,  as  well  as  the  complete  and  unbranched 
vessel  between  the  fourth  and  the  pulmonary  arches  in  the  human 
embryo  (Figs.  4  and  8). 

Lewis  also  emphasizes  the  irregular  condition  of  the  arterial  ele- 
ments between  the  fourth  and  the  pulmonary  arches  in  the  rabbit 
and  pig  as  throwing  doubt  upon  the  existence  of  a  true  aortic  arch  in 
this  position.  While  all  variations  and  irregularities  should  be  taken 
into  account,  they  should  not  be  allowed  to  dominate  interpretations. 
The  ever-changing  picture  in  embryonic  development  must  be  con- 
stantly borne  in  mind.  One  set  of  sections,  at  best,  represents  only  one 
stage  either  of  construction  or  obliteration  of  such  transitory  structures 
as  the  aortic  arches,  and,  therefore,  those  cases  in  which  they  are  most 
perfectly  exhibited  are  of  more  significance  than  those  in  which  they 
are  partially  or  imperfectly  represented. 

VariabiUty  of  transitory  organs  is  also  a  constant  feature  of  embry- 
onic development.  The  vascular  system  even  in  adult  stages  is  sub- 
ject to  wide  variation,  and  in  the  embryo  individual  variation  in  the 
aortic  arches  and  all  their  dependencies  are  commonly  met  with. 
In  the  fifth  arch  we  have  a  structure  of  unusually  brief  existence,  and 
from  analogy  with  other  very  transient  embryonic  structures  we  should 
expect  to  find  great  variation  in  development.  It  is  likely  that  the 
drawings  of  pig  and  rabbit  embryos,  showing  irregular  arterial  rudi- 
ments between  the  fourth  and  pulmonic  arches  (Lewis,  Lehmann), 
represent  stages  in  which  that  arch  is  incomplete,  or  individual  speci- 
mens in  which  only  vestiges  of  the  arch  are  ever  to  make  their  ap- 
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pearance.  These  observations,  in  view  of  the  fact  that  a  complete  arch 
has  been  reported  in  both  those  forms,  may  be  regarded  as  extending 
our  knowledge  of  the  variability  of  this  arch  rather  than  throwing 
doubt  on  its  existence  as  a  complete  vessel. 
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THE  MANDIBLE  IN  MAMMALIA 

(Abstract) 
RICHARD  JOHN  ANDERSON 

One  can  certainly  associate  the  mandible  with  the  maxilla  so 
easily  that  it  is  not  surprising  that  one  should  look  for  characters  in 
the  one  that  are  very  similar  to  those  of  the  other,  seeing  that  they 
spring  from  the  same  cartilage  originally,  and  in  some  of  their  func- 
tions are  very  much  alike.  But  the  connection  with  other  bones  of 
the  face,  as  well  as  the  muscular  connections,  and  the  influences  of 
the  muscles  themselves  (not  merely  tugging  but  pressing  on  bones 
already  formed,  so  as  to  produce  absorption,  and  letting  adjacent 
parts  remain  free  at  intervab,  so  as  to  produce  new  bony  deposits) 
greatly  affect  the  characters  of  the  jaw.  It  is  very  likely  that  the 
primal  tendency  to  produce  several  bones  wbuld  be  apparent.  In- 
deed it  is  urged  that  additional  actual  centres  may  be  seen  in  the 
developing  mandible  of  Manmialia,  but  the  muscular  pressure  may 
cause  the  disappearance  of  these  ossicles,  so  that,  if  we  fail  to  see  the 
temporary  deposits,  it  does  not  follow  that  the  progressive  develop- 
ment in  the  Mammalian  embryo  is  not  a  recapitulation  of  racial 
stages.   Stieda  found  cartilaginous  nodules  in  some  mammals. 

The  cartilaginous  mandibles  and  maxillae  of  some  fish  represent 
the  primitive  meckelian  condition  of  vertebrates.  The  palato-quad- 
rate  bar  "  arises  "  from  Meckel's  cartilage.  Then  in  the  Holocephali 
the  mandible  articulates  with  the  palato-pterygo-quadrate,  which 
articulates  with  the  cranium.  Dentary,  angular,  and  splenial  are 
membranes  in  connection  with  the  mandibular  cartilage,  the 
articular  cartilaginous  in  Polypterus.  Membrane  bones  invest  the 
mandible  in  Lepidosteus. 

Amia,  besides  the  above,  has  a  supra^angular  and  a  second  ar- 
ticular and  an  azygoid  jugular.  The  teleostean  lower  jaw  is  like  that 
of  the  ganoids,  and  more  or  less  suggestive  of  the  bones  of  the  same 
names  in  Sauropsida.  The  usual  membrane  bones  are  found  in  the 
Dipnoi;  dentary,  splenial,  and  angular.  The  mandible  articulates 
with  the  palato-quadrate  bar. 

Amplubia,  generally  speaking,  have  Meckel's  cartilages  more  or 
less  encased,  two  membrane  bones  in  the  frog,  and  one  cartilage 
bone  (mento-meckelian).  The  membrane  bones  are  the  angulo- 
splenial  and  dentary.-  The  former  rives  rise  to  a  coronoid.  The 
dentary  covers  the  outer  surface  of  me  mandible  between  this  bone 
and  the  mento-meckelian.    Articular  is  not  osseous. 
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Dentaries  and  angulo-splenlals  are  present  in  many  Urodela.  A 
post-glenoid  process  is  often  well  marked  in  the  Labyrinthodontia. 
The  limbless  amphibians  have  the  angular  prolonged  sometimes 
considerably  in  a  backward  direction.  The  presence  of  a  mento- 
meckelian  ossification  is  characteristic  of  Amura. 

Reptiles  have  dentaries  which  are  united;  (1)  by  ligament  in 
snakes,  Rhynocephalia  and  Pythonomorphia ;  (2)  by  a  symphysis 
suture  as  in  crocodiles,  most  Lltcertilia  and  Rhychosaurida;  (3)  by 
bone,  as  in  Chelonia  and  Pterosauria. 

Sutures  between  the  individual  bones  are  mostly  obliterated  in 
snakes.  A  mento-meckelian  is  present  in  several  dinosaurs  and 
may  have  borne  a  beak  (Reynolds,  from  whom  I  quote  much). 

The  supra-angular  has  a  coronoid  process  in  birds.  The  articular 
is  continuous  with  Meckel's  cartilage.  The  angular  is  a  small  bone 
which  underlies  the  articular.  A  splenial  is  present,  and  the  dentaries 
are  joined ;  not  joined  in  Ichthyorius  and  Arch«opteryx. 

It  is  evident  that  the  dentaries  must  depend  for  movement  on 
muscles  that  have  their  fixed  ends  above  or  behind,  and  that  the 
muscles  require  points  of  purchase  where  the  osteoblasts  congregate 
at  places  of  least  molecular  disturbance,  just  as  the  muscle  cells 
flourish  best  under  motile  conditions.  It  would  be  too  much  to  say 
that  yellow  connective  tissue  bears  to  white  the  same  relation  that 
muscle  bears  to  bone,  for  bone  is  rather  the  motor  antithesis  of  muscle, 
whilst  if  we  take  white  fibrous  tissue,  it  is  the  structural  antithesis  of 
yellow;  both  are  lowly  organized.  It  is  evident  that  the  mandible  of 
sauropsids  and  ichthyopsids  has  functions  of  a  kind  mostly  different 
from  the  mandible  of  mammals,  as  it  is  prehensile  rather  than  masti- 
catory, and  has  important  respiratory  functions  in  ichthyopsids.  It 
is  an  aid  in  defense  and  attack,  in  burrowing  and  in  climbing.  It 
supports  the  tongue  and  aids  in  securing  the  maxilla  and  the  soft 
parts,  the' palate  and  the  soft  parts,  the  upper  part  of  the  alimentary 
tube,  and  the  beginning  of  the  respiratory  tract,  and  organ  of  voice, 
with  pouches  that  serve  as  receptacles  for  food  or  for  resonance.  It 
is  evident  that  whatever  happens  when  the  various  ossicles  that  de- 
velop at  the  ends  of  the  pterygoids,  temporals,  and  hyo-mandibulars 
are  being  formed,  the  structural  molecular  changes  entail  absorption 
and  deposit,  and  the  cytodes  may  change  their  sphere  early  as  they 
always  do  in  osseous  structures,  so  that  every  new  apophysis  may 
differ  only  in  name  from  a  distinct  epiphysis.  The  internal  pterygoid 
has  at  its  ends  the  pterygoid  and  angular,  but  it  can  scarcely  be  said 
that  anatomically  the  external  pterygoid  is  much  different,  with 
the  alisphenoids  and  the  articulars  at  its  ends,  or  the  temporal  with 
the  temporo-squamose  and  coronoid,  or  angular. 

Assuming  that  in  mammals  the  processes  correspond  to  the  like 
named  bones  which  it  would  be  difficult  to  prove,  then  the  great 
changes  in  muscle  development  and  function  and  form  inevitably 
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lead  to  ciianges  in  osseous  deposit.  These  deposits  depend  on  several 
causes,  some  of  which  we  do  not  quite  understand.  Corresponding  to 
the  long  incisors  of  the  dugong  and  the  bent  upper  jaw,  is  the  bent 
lower  maxilla.  The  little  osseous  deposit  under  the  pulp  of  the 
finger  has  probably  some  relation  to  the  cause  that  produces  the 
nail  on  the  dorsum.  The  curved  upper  division  of  the  beak  m 
birds  fits  into  the  groove  of  the  lower.  The  spout-like  lower  jaws 
of  elephant  and  Megatherium  answer  to  the  trunk  that  grows  above 
the  former  and  the  tongue  of  the  latter.  The  bending  down  of 
jaw  in  Myrmecophaga  has  to  do  with  the  prehensile  tongue.  The 
predental  bone  of  some  reptiles  corresponds  to  the  rostral  bone  in 
the  upper  jaw.  Then  the  elongated  lower  jaw  of  beaked  whales 
corresponds  to  the  rostrum  in  the  same  breeds. 

It  seems  doubtful  whether  the  teeth  may  get  all  their  calcium 
from  the  bone  of  the  lower  jaw  during  their  after  developments. 
It  seems  likely  enough  that  the  growth  of  the  teeth  which  is  coinci- 
dent with  the  muscular  development,  should  be  supplied  with  the 
calcium,  etc.,  from  the  absorbed  bones.  I  have  given  reasons  and 
facts  in  support  of  the  view  that  local  ''  consciousness "  exists  in 
mammals  elsewhere. 


Anthropoidea 


MyoetM  . 

Lemuroids 


Cheiroptera    . 
Fnighrora    ")    . 

Inseotivora  ) 

iDMOtlvora 

Galeopitheoufl 
Oamivora   .  . 


Rodentia     . 
Pioboeoidea 


Aeoending  Part  of  Ramus 


Condyle  nearly  same  level  as 
ooronoid,  ramus  with  a  thick 
posterior  border,  teeth  occupy 
a  good  part  of  horisontal  ra- 
mus, rami  thin. 


High  ooronoid,  excavated. 
Ramus  excavated  externally. 


Broad 

Hollowed  externally,  bone 
thin. 

Coronoid  low,  angle  promi- 
nent in  Trinaceus. 

Ascending  ramus  hollow  and 
translucent  behind  anterior 
border  which  is  round.  Ooro- 
noid hoUow  internally. 

Horisontal  ramus  bent  down 
in  front,  asooiding  ramus  hol- 
low between  ooronoid  and  con- 
dyle and  lower  part  flat  and 
bent  forward. 

Coronoid  in  walrus  oblique 
and  round,  a  long  angular  pro- 
cess in  polar  bear.  Much  as- 
cending ramus  excavated  ex- 
ternally below  ooronoid  and  in- 
ternally in  front  of  angle  in 
young  polar. 

Ant.  round  and  long  (R.), 
long  symphysis.  Copybara, 
mandible  thin  and  translucent, 
blunt  angle  is  directed  back. 

High  ascending  ramus,  nar- 
row, long  symphysis  with 
spout-like  structure,  bone 
thinned  by  absoiptioo  below 
ooioQoid  and  m^g^^, 


Conmoid 


Medium. 


Thick  border 
anteriorly. 


High,  large. 


SmaU. 


Larse, 
thinned  in 
Urmtlabi- 
alut  and 

others. 

Small. 


SniaU. 


Angle  Condyle 


Rounded. 


Hollowed. 
Hollowed 
internally. 


Round. 


Widened, 

distinct. 

Prominent. 


Bone 
lucent  in 
front. 


Prominent. 


Often  pointed 
and  turned 
up,  prolonged 
exc.  Lepus. 
No  angle  of 
importance. 


High    op, 
convex. 


TransroM. 

Midway  be- 
tween cor- 
onoid and 
angle. 

Transvcne. 


Transvens. 
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Aaoendins  Part  of  Ramus 

Ooronoid 

Angle 

Condyle 

Amblypoda     .   . 

per/orated 

Pcominent. 

Hyraodkiea     .    . 

Ascending  ramus  hAa  a  back- 

The round 

ward  expansion,  external  sur- 
face below  oooc(yle  hollowed. 

angle  and 

at  base. 

posterior  bor- 

der is  nearly 

on  a  level 

with  back 
part  of  skull. 

OondylarUua  .   . 

The  mandibular  rami  are  not 

fused  at  the  symphysis,  outer 
surface  hollowed  near  border  of 
ooronoid  in  front. 

Toxodontk     .   . 

Toxodon  has  mandible  fused 
at  symphysis,  which  is  chan- 
nelled, excavated  outer  surface, 
ridge   between    ooronoid   and 

Low,  broad. 

Round  curves 

to  lower 

body. 

rest  of  ramus. 

Equidft    .... 

Ascending  ramus  has  a  con- 
cave hind  border  curvinjg  from 
condyle  to  beneath  the  last  al- 

Long,narTOW, 
moderate. 

Round. 

recurved. 

veolar,  where  it  ends  in  a  pro- 
jection (0. ).    The  inner  suif  ace 

of  ramus  is  hollow. 

Tipirids     .   .    . 

Large  hollow  basin,  internal 
to  angle,  bone  thin,    posterior 
margm  thick  with  ridges  that 
run  forward,  veiy  translucent. 

In  Capreolus,  ramus  translu- 

Excavated 
externally. 

Large,  in- 
flect. 

Wide. 

Bovid»    .... 

Long,  slender. 

cent  at  coronoids  and  in  front 

curved. 

of  posterior  border  above  angle. 

HippopoUmida 

angle  thick. 

Large,  symphysis  long.  ai>- 
cending  ramus  convex  behind. 

Expanded, 

with  process 

The  posterior  border  is  contin- 

that projects 

ued  to  a  downward  projecting 
angle  with  a  notch  in  front  of 

out  and 

forwards. 

it.    The  rami  run  forward  and 

bear   four   incisor   sockets    in 

front  of  the  tusks,  which  were 

six  in  some  extinct  forms  (0.). 

Sttids  ..... 

SmaU. 

Near  trans- 
verse in 

Phaooehsnu  .   • 

Mandible  is  expanded  anteri- 

ofmandible 

peccary. 

orly  by  the  sockets  of  the  tusks 

(absorption  and  deposit),  and 

is   thinned 

is  truncate. 

below  ooro- 
noid and 
translucent. 

CeCaeea    .... 

The  mandible  has  been  oom- 

Ooronoid    in 

Oondyle  of 

Delphinap- 
terus,old,4.5 

DelpKinap. 

titk>n  in  Physeter  intermediate 

terns  3  cms. 

in  type  between  Grampus  and 
Ichthyosaurus  (0.). 

cms.  wide. 

Ooronoid  not 

thick  in 

medium. 

Meeoplodon 

small. 

above  angle. 

Odontophorm  .   . 

Reptflian.  The  ooronoid  are 

Long,narrow. 

apt  to  get  thick  in  old  dolphins 

above 

and   Delphinapterus,   there  is 

ramus. 

much  th"»ning  of  rami.' 

MjBtoooceti    .   . 

Rounded,    arched,   not  k>ng 
symphysis. 

^  There  is  a  symphsmis  and  a  trace  of  a  coronoid  and  angle. 
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CHANGES  IN  THE  FORE-BRAIN  OF  HUMAN  EMBRYOS 
DURING  THE  FIRST  EIGHT  WEEKS 

SUSANNA  PHELPS  GAGE 

The  present  study  is  based  upon  a  series  of  fourteen  embryos 
selected  from  the  Mall  collection  of  Johns  Hopkins  University,  the 
Minot  collection  of  Harvard  Medical  School,  and  the  Gage  collection 
of  Cornell  University.  They  range  from  twelve  to  fifty-six  days. 
Ten  have  been  modelled,  two  sketched,  and  three  series  have  been 
photographed. 

It  is  a  continuation  of  studies  begun  in  1892  with  occasional  pub- 
lished reports  bearing  upon  the  correlation  of  total  folds  of  the  brain 
tube,  the  nuclei  and  fiber  tracts.  The  morphological  cephalic  end 
of  the  brain  is  placed  in  the  infundibular  region,  the  total  folds  being 
numbered  serially  from  that  point. 


Fig.  1.  —  A  mesal  view  of  the  fore-brain  of  a  six  weeks  human  embryo  (Cornell 
Univ.  No.  3):  a,  Meynert's  bundle;  6,  principal  bundle  of  albicans;  cer., 
,  cerebrum:  c^.,  chiasma;  cp.,  epiphysis;  cpi.  (^.,  epithalamus;  %.,  hypophy- 
sis; hy.  th.f  hypothalamus;  mesen.j  mesencephal;  inf.,  inf undibulum ;  olf., 
olfactory  nerve;  par.,  paraphysis;  pi.,  plexus;  poem.,  post  commissure; 
R.,  divisional  ridge;   sL,  striatum;  th.,  thalamus. 

Before  the  eighth  week,  the  following  total  folds  are  recognizable 
(see  Fig.  1) :  1.  terminal  (at  the  end  of  the  floor  of  the  mesencephal) ; 
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2.  albicantial;  3.  saccal;  4.  dnereal;  5.  hypophyseal;  6.  optic; 
7.  of  the  optic  stalk;  8.  striatal,  caudal;  9.  stnatal,  median;  10.  stri- 
atal, cephalic;  11.  olfactory,  caudal;  12.  olfactory,  cephalic;  13. 
frontal;  14.  hippocampal;  15.  choroidal;  16.  paraphyseal;  17.  di- 
atelic;  18.  epiphyseal;  19.  habenal;  20.  epithalamic;  21.  genicu- 
late; 22.  thalamic  1 ;  23.  thalamic  2. 

Their  appearance  is  approximately  in  the  following  order: 

2d   week.  Mall,  No.  12  (before  neural  plates  close),  the  optic. 

3d   week.  Harvard,  No.  714  (wide  open  neuropore),  albicantial. 
"       "      Mall,  No.  164  (small  neuropore),  cinereal. 
"       "      Mall,  No.  209  (closed  neuropore),  terminal. 
"       "      Mall,  No.  148  (trace  of  neuropore),  striatal  caudal,  ol- 
factory cephalic,  geniculate,  thalamic  1. 

4th  week,  Cornell,  No.  5  (neuroporic  furrow),  thalamic  2. 
"       "      Mall,  No.  76,  saccal,  striatal  (cephalic). 
"      Harvard,  No.  256,  olfactory  caudal. 

5th  week,  Cornell,  No.  6,  hypophyseal,  striatal  (median),  hippocam- 
pal, choroidal,  paraphyseal,  diatelic,  epiphyseal,  habenal, 
epithalamic. 

8th  week,  Comdl,  No.  11,  frontal. 

The  following  points  are  especially  to  be  noted:  1.  The  genicu- 
late and  thalamic  folds  in  the  earlier  stages  extend  to  the  roof  of  the 
diencephal,  but  later  they  are  thrust  aside  by  the  growing  roof  parts, 
the  habena,  tela,  etc.  2.  The  temporary  prominence  of  two  struc- 
tures which  are  characteristic  of  lower  vertebrates,  the  saccus  of  the 
hypothalamic  or  infundibular  region  and  the  divisional  ridge  sepa- 
rating the  thalamic  from  the  epithalamic  or  roof  region.  3.  The  optic 
stalk  is  early  expanded  to  produce  a  sort  of  elbow  (Fig.  1,  E).  This 
reaches  its  maximum  relative  development  in  the  fifth  week,  then 
becomes  less  prominent  but  can  still  be  detected  in  sections  of  the 
adult  by  the  otherwise  unexplained  lateral  ciunrature  of  certain  optic 
fibers  which  form  a  distinct  protuberance  at  the  side  of  the  chiasma. 
4.  The  crossings  of  the  fibers  which  form  the  gross  structure  of  the 
chiasma  have  several  sources:  (a)  In  the  fourdi  week,  non-cellular 
material  extends  from  the  tuber  cinereum  across  the  middle  line  and 
in  later  stages  forms  the  caudal  portion  of  the  chiasma.  (6)  In  the 
fifth  week,  a  band  of  non-cellular  material  is  continued  from  the 
retina  on  the  cephalic  part  of  the  elbow  of  the  eye-stalk.  This  ends 
in  a  mass  of  celb,  the  interrupted  tract  seems  to  be  continued  as  a 
cross  tract  extending  to  the  hypothalamus,  (c)  Crossed  fibers  to  the 
thalamus  appear  in  the  sixth  week,  (d)  Fibers  extend  to  the  pre- 
geminum  in  the  eighth  week.  At  this  time  ten  bundles  with  different 
courses  can  be  seen  in  the  chiasma  region.    (See  Figs.  2,  3.) 
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FiQS.  2-3.  —  Diagrams  showing  the  number  and  course  of  tracts  in  the  chiasma 
of  an  eight  weeks  human  embryo,  Cornell  Univ..  No.  11.  x,  x,  indicates  by 
dotted  Ime  a  section  cephalad  of  that  shown  by  the  full  lines.  Tract  1  unites 
nucleus  a  with  the  opposite  tuber  cinereum;  2,  tuber  cinereum  with  opposite 
optic  tract,  o.  t;  3,  imites  nuclei  a,  a;  4,  nucleus  a  with  opUc  tract  of  same 
side;  5,  imites  the  two  optic  nerves  and  extends  certainly  a  short  distance 
into  each;  6,  opUc  nerve  to  nucleus  a  of  same  side;  7,  optic  nerve  to  oppo- 
site optic  tract;  8^  unites  opUc  nerve  with  nucleus  6  of  same  side;  9, 
unites  nucleus  c  with  diffuse  cells  of  hypothalamic  region;  10,  unites  nu- 
cleus c  with  lateral  fibers  of  hypothalamus;  o.  U,  uie  great  bimdle  of 
fibers  on  the  hypothalamus;  J?,  elbow  of  the  opUc  stalk  showing  its  cavity 
and  the  cell  nucleus  c  occurring  just  dorsad  of  it. 

5.  Meynert's  bundle  (retroflexus),  Fig.  1,  a  is  found  in  the  sixth 
week  composed  of  several  strands,  one  of  which  extends  across  the 
brain  tube  from  the  habena  to  the  floor  of  the  mesencephal.  6.  The 
principal  tract  of  the  albicans,  Fig.  1,  6,  is  strongly  developed  in  the 
fifth  week,  curves  back  from  the  albicans  to  the  floor  of  the  mesen- 
cephal. 7.  The  great  connection  between  thalamus  and  striatum  is 
effected  at  the  sixth  week  by  a  stron^y  developed  tract  extending 
cephalo-caudad.  At  the  eighth  week  ^e  tract  has  a  U-shaped  bend 
owing  to  the  caudal  growth  of  the  striatum.  8.  At  the  ei^th  week 
the  habenal  tract  and  its  extension  spreading  over  the  cephalic  end 
of  the  thalamus,  is  established.  9.  The  fornix  is  probably  fore- 
shadowed at  the  eighth  week  by  the  separation  of  cells  from  the  white 
border  in  the  edge  of  the  hippocamp. 

From  these  points,  it  is  seen  that  there  is  strong  confirmatory 
evidence  in  the  specimens  studied  of  the  continuation  up  to  the 
eighth  week,  of  the  original  segmental  cavity  of  the  fore-brain,  though 
on  the  lateral  surface  several  of  the  folds  are  obliterated. 

Furthermore,  the  development  proceeds  by  the  extension  of  the 
edge  of  the  neural  plate  and  in  almost  every  case  the  forming  folds 
arise  from  this  region. 
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Section  III.  COMPARATIVE  PHYSIOLOGY 


ON  THE  CHEMICAL  CHARACTER  OF  THE  PROCESS 
OF  FERTILIZATION  AND  ITS  BEARING  UPON  THE 
THEORY  OF  LIFE  PHENOMENA 

(Addrbbs) 

JACQUES  LOEB 


There  may  be  a  difference  of  opinion  as  to  whet&er  or  not  it  will 
ever  be  possible  to  produce  living  matter  from  inanimate;  but  I 
think  we  all  agree  that  we  cannot  well  hope  to  succeed  in  making 
living  matter  artificially  unless  we  have  a  clear  conception  of  what 
living  matter  is.  Living  organisms  have  the  peculiarity  of  developing 
and  reproducing  themselves  automatically,  and  it  is  this  automatic 
character  of  reproduction  and  development  which  differentiates 
them,  for  the  time  being,  from  machines  made  of  inanimate  matter. 
Hence  the  answer  to  the  question  of  what  living  matter  is  will  have 
to  be  an  answer  to  the  question  what  determines  the  phenomena  of 
automatic  development  and  reproduction.  Since  all  life  phenomena 
are  ultimately  purely  chemical,  the  answer  must  consist  m  pointing 
out  one  or  more  series  of  definite  chemical  reactions,  for  which  it  can 
be  proved  that  they  are  identical  with  the  phenomena  of  development 
and  self-perpetuation.  It  always  seemed  to  me  that  the  natural  start- 
ing point  for  a  search  after  this  definite  chemical  reaction  or  series 
of  reactions  was  the  analysis  of  that  process  which  causes  the  resting 
egg  to  develop  into  an  embryo,  namely,  the  process  of  fertilization. 


n 

The  spermatozoon  produces  two  kinds  of  effects  upon  the  egg.  It 
causes  the  egg  to  develop  and  it  transmits  the  paternal  qualities  to  the 
offspring.  We  are  here  concerned  only  with  the  developmental  effects 
of  the  spermatozoon.  If  the  question  be  raised  as  to  what  is  the  most 
obvious  chemical  reaction  which  the  spermatozoon  causes  in  the  egg, 
the  answer  must  be,  an  enormous  synthesis  of  chromatin  or  nuclear 
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material  from  constituents  of  the  cytoplasm.  After  the  entrance  of 
the  spermatozoon  the  egg  has  one  nucleus  which  during  segmental 
tion  is  successively  divided  into  two,  four,  eight,  sixteen,  etc.,  nuclei. 
Boveri  has  shown  that  each  new  nucleus  has  the  same  size  as  the  first 
nucleus  after  fertilization.  It  is  therefore  obvious  that  one,  and,  to 
all  appearances,  the  foremost  chemical  effect  of  the  spermatozoon 
upon  the  egg  is  an  enormous  synthesis  of  nuclear  matter,  and  to  this 
we  must  give  our  attention. 

The  main  mass  of  the  nucleus  consists  of  a  salt,  the  acid  of  which 
is  nucleic  acid,  the  base  a  protein  substance  of  the  type  of  protamins, 
the  synthesis  of  which  has  been  accomplished  by  A.  E.  Taylor,  or 
histones.  The  skeleton  of  the  nucleic  acid  molecule  seems  to  be 
phosphoric  acid,  to  which  are  coupled  at  least  two  chemical  groups, 
namely,  purin  bases  (adenin,  guanin  and  possibly  other  representa- 
tives of  the  same  group)  and  carbohydrates  —  a  pentose  and  a 
hexose.  The  constitution  of  the  nucleic  acid  may  be  represented  by 
the  following  diagram  by  Burian,  of  which  he  states,  however,  that 
it  cannot  be  entirely  correct  since  it  has  forty-one  instead  of  forty 
atoms  of  carbon  in  the  molecule. 
Thymin-HexoBe— O  — ^    ^O^  ^Ov     ^  O  — Hexoee— (Cytosin) 

Pentose— O P  P— O  — P  P  —  0  — Pentose 

Adenin ^    ^O^   a  a^O^    ^ Guanin 


10  OHHO  01 


From  where  does  the  material  for  this  synthesis  of  nucleic  acid 
after  fertilization  come  ?  Our  attention  is  first  called  to  the  phosphoric 
acid.  In  the  case  of  eggs  developing  in  sea-water,  one  might  think  of 
the  possibility  that  these  phosphates  are  taken  from  the  sea-water.  I 
have  made  experiments  with  artificial  sea-water  from  chemically 
pure  salts  which  contained  no  phosphates.  Eggs  of  the  sea-urchin  ac- 
complish their  nuclein  synthesis  just  as  fast  in  solutions  free  from 
phosphates  as  in  sea-water.  Since  the  same  is  true  for  eggs  caused  to 
develop  by  chemical  methods,  it  is  obvious  that  the  phosphates  for 
the  synthesis  of  nucleins  are  derived  from  the  egg  itself.  The  same 
is  true  for  the  other  constituents  of  the  nucleus,  since  the  segmenta- 
tion of  the  egg  of  the  sea-urchin  can  proceed  to  the  blastula  and  gas- 
trula  stage  in  a  solution  containing  only  the  chlorides  of  sodium, 
potassium,  calcium  and  magnesium. 

Miescher  found  that  the  amount  of  lecithin  in  the  blood  of  the 
salmon  is  increased  during  the  period  of  the  formation  of  sex  cells, 
and  he  concluded  that  lecithin  is  one  of  the  substances  from  which 
nucleic  acid  is  formed.  The  egg  itself  does  not  seem  to  contain  any 
preformed  nucleic  acid,  according  to  the  investigation  of  Kossel,  in 
the  hen's  egg,  and  of  Tichomiroff  in  the  eggs  of  insects.  All  eggs  and 
possibly  all  embryonic  cells  possess  comparatively  large  quantities 
of  lecithin,  a  fact  to  which  Hoppe  Seyler  has  already  called  attention. 
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The  lecithin  consists  of  two  different  groups  of  bodies,  one  being 
distearyl  (or  oleyl),  glycero-phosphoric  acid,  the  other  being  cholin. 

\0.P0  OH-O^ 

The  cholin  can  apparently  not  be  utilized  for  the  synthesis  of  nucleins, 
but  the  other  constituent  is  able  not  only  to  furnish  the  phosphoric 
acid  skeleton  of  the  nucleic  acid  molecule,  but  also  the  carbohydrates. 
The  fatty  acid  could  be  rendered  available  for  this  purpose  by  oxida- 
tion, and  we  shall  see  indeed  that  phenomena  of  oxidation  are  the 
prerequisite  of  the  synthesis  of  nucleins.  If  the  lecithin  of  the  egg  is 
utilizc^i  for  this  synthesis  it  is  obvious  that  the  lecithin  molecule  must 
first  undergo  a  cleavage,  whereby  it  is  freed  from  the  cholin  group. 
The  question  as  to  whether  or  not  lecithin  is  the  source  of  the  phos- 
phates and  possibly  some  other  constituents  of  the  nucleic  acid  group 
cannot  be  decided  until  the  synthesis  of  the  nucleic  acid  has  been 
accomplished. 

Some  further  data  concerning  the  synthesis  of  nucleic  acid  in  the 
egg  can  be  obtained.  The  fertilized  egg  cannot  develop  or  increase 
the  number  of  its  nuclei  unless  an  ample  supply  of  free  oxygen  is 
present  Twelve  years  ago  I  showed  that  if  all  the  oxygen  is  with- 
drawn from  the  egg,  no  nuclear,  and  no  cell  division  is  possible,  and 
no  increase  in  its  mass  of  nuclein  occurs.  The  same  effect  is  accom- 
plished if  we  inhibit  the  oxidations  in  the  egg  through  the  addition  of 
KCN.  The  latter,  or  possibly  the  HCN  formed  by  hydrolytic  disso- 
ciation, inhibit  the  oxidations  in  the  egg.  The  addition  of  ^  c.c. 
of  a  1/20  per  cent  solution  of  KCN  to  50  c.c.  of  sea-water  is  sufficient 
to  bring  to  a  complete  standstill  the  effect  of  the  fertilization  in  the 
egg  of  the  sea-qrchin,  without  otherwise  injuring  the  egg,  provided 
the  latter  does  not  remain  too  long  in  the  absence  of  oxygen  or  the 
presence  of  KCN.  As  soon  as  oxygen  is  again  admitted  to  the  egg 
which  has  been  deprived  of  it,  the  synthesis  of  nuclein  and  the  seg- 
mentation begin  again;  the  same  occurs  when  the  eggs  are  brought 
back  from  the  cyanide  sea-water  to  normal  sea-water,  provided  they 
are  sufficiently  aired.  It  is  therefore  obvious  that  the  nuclein  synthe- 
sb  depends  absolutely  upon  a  process  of  oxidation. 

By  way  of  digression  I  may  mention  that  this  r6le  of  oxidation  in 
cell  division  should  induce  teachers  of  physiology  to  discontinue  the 
antiquated  statement  that  the  sole  object  of  oxidation  in  living  cells 
is  the  production  of  heat.  Oxidations  occur  in  plants  and  animab 
which  do  not  need  to  keep  up  a  constant  temperature.  But  in  all 
these  animab  a  S3mthesb  of  nuclein  and  cell  divisions  occurs. 

We  can  further  show  that  aside  from  the  process  of  oxidation,  still 
other  processes  are  originated  or  accelerated  through  the  entrance 
of  the  spermatozoon  into  the  egg  and  that  these  processes  occur  even 
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in  the  absence  of  oxygen.  This  follows  from  the  diflPerence  in  the  re- 
sistance of  the  fertilized  and  the  unfertilized  eggs  towards  lack  of 
oxygen.  Fertilized  eggs  suflFer  much  more  quickly  from  lack  of  oxygen 
or  from  KCN  than  unfertilized  eggs.  Eggs  were  fertilized  and  a 
few  minutes  later  put  into  sea-water  free  from  oxygen,  in  which  they 
remained  twenty-four  hours  at  a  temperature  of  about  15°  C.  No 
segmentation  or  increase  in  nuclei  occurred  in  the  eggs  while  they 
were  without  oxygen.  At  the  end  of  the  twenty-four  hours,  air  was 
admitted  and  segmentation  began;  many  eggs,  however,  segmented 
abnormally  and  none  develop^  beyond  the  blastula  stage.  Simul- 
taneously the  same  experiment  was  made  with  the  unfertilized  eggs 
of  the  same  female.  When  after  twenty-four  hours  air  was  admitted 
and  sperm  added,  all  the  eggs  developed  into  normal  plutei.  The 
same  experiment  can  be  made  more  easily  and  strikingly  by  adding 
KCN  to  the  sea-water.  These  facts  show  that  lack  of  oxygen  or  the 
suppression  of  oxidations  in  the  egg  injures  the  fertilized  egg  much 
more  quickly  than  the  unfertilized  egg.  This  becomes  easily  intelligi- 
ble under  the  assumption  that  the  spermatozoon  causes  or  accelerates 
still  other  processes  in  the  egg  than  oxidations,  e.  g.,  hydrolyses,  and 
that  the  products  of  these  hydrolyses  are  utilized  in  the  processes  of 
oxidation.  If  the  oxidations  do  not  occur  the  products  of  the  hy- 
drolyses accumulate  in  the  egg  or  give  rise  to  further  reactions  not 
compatible  with  the  life  of  the  egg.  It  thus  becomes  comprehensible 
why  the  fertilized  egg  suffers  much  more  readily  than  the  unfertilized 
egg,  which  seems  to  be  able  to  stand  the  influence  of  lack  of  oxygen 
for  several  days,  and  possibly  a  longer  period  of  time.  It  is  of  course 
possible  that  among  the  hydrolyses  occurring  in  the  fertilized  egg  might 
be  those  of  lecithin. 


Ill 

Our  present  knowledge  of  the  chemical  structure  of  the  spermato- 
zoon does  not  enable  us  to  state  why  the  entrance  of  the  spermatozoon 
into  the  egg  should  cause  its  development.  That  part  of  the  spermato- 
zoon which  prevails  by  its  mass  is  its  head,  which  seems  to  have  essen- 
tially the  same  chemical  composition  as  the  egg  nucleus  or  any  other 
cell  nucleus.  The  tail  of  the  spermatozoon  is  cytoplasm  which  is  at 
present  not  characterized  by  anything  special  except  a  relatively  large 
amount  of  lecithin  and  fat.  If  we  wish  to  gain  any  further  insight 
into  the  nature  of  the  process  of  fertilization  we  must  turn  to  those 
experiments  in  which  the  action  of  the  spermatozoon  on  the  egg  can 
be  imitated  more  or  less  completely  by  well-known  chemical  agencies. 
The  data  on  heterogeneous  hybridization  seem  to  indicate  that  the 
substances  which  cause  the  egg  to  develop  must  be  identical  or  closely 
related  in  widely  different  forms,  otherwise  we  could  not  understand 
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why  the  spenn  of  various  starfish,  of  the  brittle  star,  the  crinoids,  and, 
according  to  Kupelwieser,  even  of  moUusks,  should  be  able  to  fertilize 
the  egg  of  the  sea-urchin.  It  almost  looks  as  if  the  only  limitation  to 
heterogeneous  hybridization  were  the  fact  that  for  some  reason  the 
spermatozoon  is  not  able  to  enter  into  the  egg  of  a  widely  different 
family.  This  may  explain  why  it  b  often  necessary  to  change  the 
constitution  of  the  sea-water,  for  example,  to  raise  its  alkalinity,  in 
order  to  enable  the  spermatozoon  to  enter  the  foreign  egg.  It  follows 
from  this  fact  that  we  can  draw  conclusions  upon  the  nature  of  the 
process  of  fertilization  only  from  such  methods  of  artificial  partheno- 
genesis as  are  of  a  more  general  application. 

We  shall  begin  our  discussion  with  a  consideration  of  the  methods 
of  artificial  parthenogenesis  in  the  sea-urchin,  since  they  have  been 
most  thoroughly  investigated  in  this  form.  The  first  method  by  which 
larvffi  were  produced  from  the  unfertilized  egg  of  the  sea-urchin  con- 
sisted in  treating  the  eggs  with  sea-water  whose  osmotic  pressure  had 
been  raised  about  50  per  cent.  The  method  consisted  simply  in  put- 
ting the  unfertilized  eggs  for  about  two  hours  at  a  temperature  of  about 
20°  C.  into  a  mixture  of  50  c.c.  sea-water  plus  7i  c.c.  2^  N  NaCl  and 
then  transferring  them  to  normal  sea-water.  This  method,  which 
gave  comparatively  constant  and  good  results  on  Arbacia  at  Woods 
Hole,  gave  unreliable  results  in  a  form  of  sea-urchin  common  at 
Pacific  Grove,  Strongylocentrotus  purpuraius.  Neither  were  the  re- 
sults obtained  with  this  method,  on  the  shore  of  France  and  at  Naples, 
very  satisfactory,  according  to  reports  by  Giard,  Herbst  and  others; 
while  E.  B.  Wilson  obtained  good  results  with  this  method  on  Toxop- 
neustes  at  Beaufort,  North  Carolina.  Whenever  we  notice  such  an 
inconstancy  of  results  by  a  definite  method  it  is  probable  that  some 
essential  variable  of  the  experiment  has  been  overlooked.  It  seemed 
difficult  to  suggest  what  this  variable  might  be.  But  there  was  another 
chance  of  overcoming  this  block.  I  had  noticed  in  my  first  experi- 
ments that  the  unfertilized  eggs  which  had  been  caused  to  develop 
by  the  treatment  with  hypertonic  sea-water  differed  typically  in  the 
form  of  their  development  from  the  eggs  fertilized  by  sperm.  This 
fact  was  at  first  welcome  since  it  disposed  of  the  general  objection 
that  my  results  were  due  to  an  infection  by  sperm.  The  main  differ- 
ences were  the  following:  the  egg  fertilized  by  sperm  forms  inmiedi- 
ately  after  the  entrance  of  the  spermatozoon  a  fertilization  membrane, 
while  in  the  egg  caused  to  develop  by  the  osmotic  treatment  no  mem- 
brane was  formed.  It  was  also  found  that  a  segmentation  and  de- 
velopment of  the  egg  occurred  more  rapidly  and  more  regularly  in  the 
fertilized  egg  than  in  the  egg  treated  osmotically.  These  and  other 
differences  led  to  the  idea  that  the  treatment  of  the  egg  with  hyper- 
tonic sea-water  initiated  only  certain,  but  not  all  of  the  developmental 
effects  of  the  spermatozoon.  It  therefore  seemed  to  be  necessary  to 
find  a  second  agency  which  in  combination  with  the  osmotic  treat- 
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ment  would  allow  a  more  complete  imitation  of  the  effects  of  the 
spennatozoon.  In  the  pursuit  of  this  idea  it  was  found  that  if  the  un- 
fertilized eggs  of  the  Californian  sea-urchin,  Strongylocentrottis  pur- 
puratm,  are  treated  for  some  minutes  with  sea-water  to  which  a  small 
but  definite  amount  of  a  monobasic  fatty  acid  (or  any  acid  with  only 
one  carboxyl  group),  was  added,  they  will  form  a  typical  membrane 
of  fertilization  after  being  transferred  to  normal  sea-water.  If  these 
eggs  are  subsequently  treated  for  from  30  to  50  minutes  with  hyper- 
tonic sea-water  (50  c.c.  sea-water  plus  8  c.c.  2^  N  NaCl)  at  a  tempera- 
ture of  15°  C,  practically  all  the  eggs  will  develop  into  larvee,  provided 
the  time  of  exposure  to  the  hypertonic  sea-water  is  correctly  chosen. 
In  a  part  of  these  eggs  the  segmentation  occurred  in  a  perfectly  normal 
way  and  these  eggs  developed  into  normal  plutei.  If  the  eggs  are 
treated  with  only  one  of  the  two  agencies,  the  fatty  acid  or  the  hypei^ 
tonic  sea-water  (for  from  30  to  50  minutes)  no  egg  develops.  The 
calling  forth  of  the  membrane  formation  alone  leads,  at  room  tem- 
perature, to  the  formation  of  the  first  nuclear  spindle  and  division,  and 
then  soon  to  a  rapid  disintegration  of  the  egg.  The  experiment  can 
also  be  made  in  the  reverse  order,  namely,  the  eggs  can  first  be  treated 
with  the  hypertonic  sea-water  and  then  be  submitted  to  the  treatment 
with  fatty  acid.  If  this  order  is  adopted  the  eggs  must  be  exposed  to 
the  hypertonic  solution  much  longer  than  in  the  other  case,  namely, 
for  from  1^  to  2  hours.  This  difference  in  the  duration  of  exposure 
is  due  to  the  fact  that  the  process  of  membrane  formation  leads  to  an 
acceleration  of  certain  chemical  reactions  in  the  egg,  whereby  the 
hypertonic  sea-water  can  accomplish  its  effects  more  quickly  than  if  it 
is  applied  to  an  intact  egg.  The  'superiority  of  this  new  method  of 
artificial  parthenogenesis  over  the  old  one  is  very  striking  in  the  eggs 
of  Strongylocentrotus.  It  happened  often  enough  that  the  old,  purely 
osmotic  method  of  artificial  parthenogenesis  1^  to  the  formation  of 
none  or  a  small  percentage  of  larvae,  while  the  new  method  of  combin- 
ing the  fatty  acid  treatment  with  the  osmotic  treatment  led  to  the  de- 
velopment of  the  majority  or  practically  all  the  eggs  of  the  same 
female. 

It  could  be  shown  that  in  this  method  we  are  not  dealing  with  the 
direct  effect  of  the  fatty  acid  upon  the  egg,  but  with  the  effect  of  the 
membrane  formation  caused  by  the  fatty  acid.  To  cause  the  mem- 
brane formation  it  was  necessary  to  put  the  unfertilized  eggs  at  15^ 
C.  for  from  1^  to  2^  minutes  into  a  mixture  of  50  c.c.  sea-water  plus 
2.8  c.c.  JV/10  butyric  acid  (or  any  other  monobasic  fatty  acid).  If  the 
eggs  were  taken  a  little  too  early  from  the  solution,  after  about  eighty 
seconds,  only  part  of  the  eggs  formed  membranes  after  being  trans- 
ferred to  normal  sea-water.  If  these  eggs  were  afterwards  treated  for 
from  30  to  50  minutes  with  hypertonic  sea-water,  only  those  eggs  de- 
veloped into  larvse  which  had  formed  the  membrane.  A  further  proof 
lies  in  the  following  data.    In  1887  O.  and  R.  Hertwig  pubUshed  the 
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fact  that  if  chloroform  is  dissolved  in  sea-water  the  sea-urchin  eggs 
may  form  membranes  in  such  sea-water,  and  Herbst  showed  in  1893 
that  benzol,  toluol,  xylol,  act  in  the  same  way.  I  suspected  that  all 
fat  solvents  have  the  same  effect,  and  an  experiment  with  amylen 
confirmed  this  expectation.  If  the  membrane  formation  is  called 
forth  in  the  egg  of  StrongylocerUrotus  purpuratus  with  any  of  these  fat 
solvents  and  the  eggs  are  afterwards  treated  for  from  30  to  50  minutes 
with  hypertonic  sea-water  they  will  develop  into  larvae.  It  is,  how- 
ever, important  to  realize  that  these  fat  solvents  cause  cytolysis  of  the 
eggs  unless  the  latter  are  transferred  very  rapidly  to  normal  sea- 
water.  On  account  of  this  cytolytic  effect  it  is  preferable  for  practical 
purposes  to  cause  the  membrane  formation  by  a  fatty  acid. 

It  b  therefore  obvious  that  we  are  now  in  possession  of  a  method 
which  allows  us  to  imitate  more  completely  the  effects  of  the  spermato- 
zoon than  the  previous  purely  osmotic  method.  My  attention  was 
again  directed  towards  the  fact  that  the  purely  osmotic  method  gave 
unreliable  results  with  the  eggs  of  the  Califomian  Strongylocentrotus, 
while  it  gave  better  results  with  the  eggs  of  the  eastern  Arbacia.  Ex- 
periments on  the  effect  of  the  alkalinity  of  the  sea-water  upon  seg^ 
mentation  indicated  that  the  sea-water  in  the  laboratory  at  Wckxis 
Hole  is  considerably  more  alkaline  than  that  used  by  me  in  Pacific 
Grove.  It  occurred  to  me  whether  this  difference  might  have  some- 
thing to  do  with  the  difference  in  the  result  of  the  osmotic  method 
in  both  places.  This  suggestion  proved  correct.  It  was  found  that  a 
neutral  hypertonic  solution  with  a  concentration  of  hydroxyl  ions  of 
lO"'  or  10"*  normal,  as  a  rule  does  not  cause  the  development  of  the 
unfertilized  egg  of  Strongylocentrotus,  no  matter  how  high  the  osmotic 
pressure  is;  but  that  with  a  sufficiently  high  concentration  of  hy- 
droxyl ions  a  comparatively  small  increase  in  the  osmotic  pressure  of 
the  sea-water  is  sufficient  to  cause  the  unfertilized  eggs  of  Strongylo- 
centrotus to  develop  into  larvse.  It  was,  moreover,  found  that  the 
minimal  concentration  of  hydroxyl  ions  in  the  hypertonic  solution 
necessary  to  call  forth  the  development  of  unfertilized  eggs  differs 
considerably  for  the  eggs  of  different  females.  For  the  eggs  of  some 
females  this  minimal  concentration  was  as  low  as  that  found  in  the 
sea-water  at  Pacific  Grove,  namely,  between  10^  and  10^  normal,  but 
as  a  rule  a  higher  concentration  of  hydroxyl  ions  Was  required.  It  is 
possible  to  obtain  good  and  constant  results  with  the  purely  osmotic 
method  in  Strongylocentrotus  if  only  the  concentration  of  the  hydroxyl 
ions  in  the  hypertonic  solution  is  sufficiently  raised  through  the  addi- 
tion of  NaHO.  In  cases  in  which  the  eggs  of  Strongylocentrotus  will 
not  develop  into  larvse  when  put  for  about  two  hours  at  15°  C.  into  a 
mixture  of  50  c.c.  sea-water  plus  8  c.c.  2^  N  NaCl  they  will  develop 
when  about  1.5  c.c.  N/10  NaHO  is  added  to  this  solution. 

The  apparently  purely  osmotic  method,  therefore,  turns  out  to  be 
composed  of  two  agencieSi  one  being  the  increased  osmotic  pressure 
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of  the  solution,  and  the  other  the  concentration  of  the  hydrojyl  ions. 
It  could  be  shown  that  these  two  agencies  can  with  good  results  be 
appUed  separately,  and  that  therefore  there  exists  a  far-reaching 
analogy  between  the  effects  of  the  alkali  in  these  experiments  and  the 
fatty  acid  in  the  experiments  previously  mentioned.  If  the  unfertilized 
eggs  of  Strongylocentrotus  are  first  put  for  two  hours  into  a  mixture 
of  50  c.c.  of  a  neutral  van't  Hoflf  solution  isotonic  with  sea-water  plus 
i  or  1  c.c.  N/10  NaHO  and  then  for  from  30  to  60  minutes  into  hy- 
pertonic sea-water  (50  c.c.  sea-water  plus  8  c.c.  2i  N  NaCl)  many 
eggs  or  the  majority  will  develop  into  larvee.  If  the  eggs  are  treated 
with  the  alkaline  solution  alone,  without  being  subsequently  treated 
with  hypertonic  sea-water,  they  will  not  develop.  The  treatment  erf 
the  eggs  for  from  two  to  three  hours  with  NaOH  acts,  therefore,  in  a 
way  similar  to  the  treatment  of  the  same  eggs  for  about  two  minutes 
with  a  solution  of  the  fatty  acid  of  the  same  concentration.  The  anal- 
ogy shows  itself  also  in  that  with  this  method  of  combining  the  eflFects 
of  alkali  and  hypertonic  sea-water  those  eggs  which  develop  into 
larvse  form  often,  if  not  always,  a  membrane.  This  membrane  is  not 
quite  as  distinct  as  the  fatty-acid  membrane  for  the  reason  that  it  su> 
rounds  the  cytoplasm  more  closely.  This  membrane  formation  does 
not  occur  or  does  as  a  rule  not  become  manifest  until  the  eggs  are 
returned  from  the  hypertonic  to  the  normal  sea-water.  If  the  order 
of  events  is  reversed  and  the  eggs  are  first  put  into  the  hypertonic 
sea-water  and  afterwards  into  the  hyperalkaline  solution,  they  must 
remain  longer  in  the  hypertonic  sea-water,  namely,  for  from  li  to  2 
hours;  this  also  corresponds  to  the  experience  with  the  fatty-acid 
treatment. 

We  therefore  possess  two  parallel  methods  by  which  we  can  imi- 
tate the  fertilizing  eflFects  of  the  spermatozoon  upon  the  egg  of  Strongy- 
locentrotus, namely,  we  treat  the  unfertilized  egg  from  1  to  2  minutes 
with  a  solution  of  fatty  acid  (50  c.c.  M/2  van't  HofiF  solution  plus  0.7 
c.c.  N/10  butyric  acid)  or  for  from  2  to  3  hours  with  an  equivalent 
alkaline  solution  (50  c.c.  M/2  van't  HoflT  solution  plus  0.7  c.c.  N/10 
NaHO)  and  afterwards  for  from  30  to  50  minutes  with  hypertonic 
sea-water  (temperature  =  15°  C).  The  treatment  of  the  eggs  with 
fatty  acid  or  alkali  can  be  replaced  by  a  treatment  with  a  fat  solvent 
Fatty  acids,  alkalis  and  fat  solvents  all  act  in  the  same  way,  namely, 
by  causing  those  changes  in  the  egg  which  result  in  the  process  of  a 
membrane  formation. 


IV 

I  have  not  yet  had  time  to  apply  these  results  to  the  eggs  of  many 
other  forms,  but  I  believe  from  what  I  have  seen  that  we  are  now  in 
possession  of  at  least  some  of  the  general  methods  and  principles  of 
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artificial  parthenogenesis.  It  seems  that  in  general  the  treatment  of 
the  eggs  with  alkalis  and  acids,  sometimes  with,  sometimes  without 
subsequent  treatment  with  hypertonic  sea-water,  causes  the  develop- 
ment of  unfertilized  eggs. 

The  unfertilized  eggs  of  Polynoe,  a  marine  annelid,  can  develop 
into  larv8B  if  they  are  permanently  put  into  hyperalkaline  sea-water, 
«.  gr.,  50  c.c.  sea-water  plus  1.5  c.c.  n/10  NaHO.  It  is  well  to  keep  the 
eggs  for  this  experiment  in  shallow  watchglasses  which  are  loosely 
covered  with  glass  plates;  in  this  case  the  oxygen  of  the  air  diffuses 
more  readily  to  the  eggs,  than  if  they  are  kept  in  dishes  with  a  deep 
layer  of  liquid  above  them.  These  eggs  of  Polynoe  are  immature 
when  taken  from  the  ovary  and  do  not  become  mature  in  ordinary 
sea-water  unless  they  are  fertilized  by  a  spermatozoon.  They  become, 
however,  mature  without  the  aid  of  sperm,  when  kept  for  some  hours 
in  hyperalkaline  sea-water.  They  form  a  membrane  and  throw  out 
the  polar  bodies.  If  we  wait  until  this  occurs  and  then  transfer  the 
eggs  for  from  2  to  3  hours  at  15°  C.  into  hypertonic  sea-water  (50  c.c 
sea-water  plus  8  c.c.  2^71  NaCl)  and  after  this  time  bring  the  eggs 
back  into  normal  sea-water  they  develop  more  quickly  and  more  eggs 
segment  than  if  they  remain  permanently  in  the  hyperalkaline  sea- 
water  without  any  treatment  with  hypertonic  sea-water. 

Three  years  ago  I  had  found  that  a  small  number  of  the  eggs  of 
mollusks,  Lottia  gigantea,  and  various  forms  of  Acmoea,  can  be  caused 
to  develop  if  put  for  2  hours  into  hypertonic  sea-water.  I  have  con- 
vinced myself  this  year  that  no  development  occurs  if  they  are  treated 
with  a  neutral  hypertonic  solution;  that,  however,  if  the  alkalinity  of 
the  hypertonic  solution  is  raised  sufficiently  high  by  the  addition  of 
NaHO  many,  if  not  practically  all,  the  eggs  of  Lottia  can  be  caused  to 
develop  into  larvse.  In  these  experiments  it  was  also  noticed  that  the 
concentration  of  the  HO  ions  in  the  hypertonic  solution  necessary 
for  the  production  of  larvae  from  the  unfertiUzed  eggs  differed  con- 
siderably for  the  eggs  of  different  females. 

I  have  convinced  myself  also  that  the  unfertilized  eggs  of  Sipuncu- 
lus  can  be  caused  to  develop  into  larvae  by  putting  them  permanently 
into  a  solution  with  a  comparatively  high  concentration  of  HO  ions. 

As  far  as  the  production  of  larvee  from  unfertilized  eggs  with  the 
aid  of  acids  is  concerned,  we  may  mention  the  eggs  of  starfish,  which 
can  be  caused  to  develop  with  the  aid  not  only  of  the  acids  containing 
one  carboxyl  group,  but  apparently  with  the  aid  of  all  acids.  They 
differ  in  this  respect  from  the  eggs  of  the  sea-urchin.  It  is  possible 
that  the  acids  with  one  carboxyl  group  act  also  better  in  the  case  of 
the  starfish  egg  than  the  other  acids;  and  this  might  explain  why 
Delage  obtained  better  results  with  COj  than  with  other  acids,  al- 
though according  to  my  own  experience  the  results  with  the  other  acids 
are  much  more  satisfactory  than  those  of  Delage. 

For  the  eggs  of  the  starfish  the  acid  treatment  suffices,  and  no 
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further  treatment  with  hypertonic  sea-water  is  required.  In  the  e^ 
of  one  form  of  starfish,  namely,  Asterina,  the  spermatozoon  causes  a 
membrane  formation  which  is  just  as  distinct  as  in  the  sea-urchin 
egg.  The  membrane  formation  can  be  induced  in  Asterina  by  exactly 
the  same  methods  as  in  the  sea-urchin  egg,  namely,  a  treatment  with 
a  fat  solvent  (benzol,  or  amylen)  or  a  fatty  acid.  In  these  eggs  the 
production  of  the  membrane  is  suflScient  to  cause  the  development 
into  normal  larvae  at  least  of  a  number  of  eggs  and  an  after-treatment 
with  hypertonic  sea-water  is  not  required.  The  starfish  eggs  differ 
also  from  the  sea-urchin  eggs  in  the  former  having  a  tendency  to  de- 
velop spontaneously  if  left  in  sea-water,  although  the  number  of  eggs 
developing  in  this  way  is,  as  a  rule,  very  small.  This  development 
may  be  due  to  the  action  of  the  HO  ions  in  the  sea-water,  or  the  action 
of  an  acid,  e.  g.,  CO^,  formed  in  the  egg  itself.  In  Asterina  it  can  also 
be  noticed  that  if  eggs  remain  in  sea-water  occasionally  some  of  them 
form  a  membrane  spontaneously,  possibly  also  through  the  influence 
of  the  HO  ions  of  the  sea-water  or  an  acid  formed  in  the  egg. 

In  the  eggs  of  Thaiassema  meUiia,  a  marine  worm,  Lefevre  has 
produced  membrane  formation  and  normal  segmentation  by  treating 
them  with  acid.  The  eggs  of  this  form  are  immature  when  removed 
from  the  ovary,  and  the  entrance  of  the  spermatozoon  causes  them 
to  form  a  membrane,  to  throw  out  their  polar  bodies,  and  to  segment 
and  develop. .  Lefevre  found  that  by  treating  the  unfertilized  eggs 
with  any  acid,  HCl,  NHO,,  oxalic,  acetic  acid,  COj,  he  could  cause  the 
membrane  formation,  maturation,  normal  segmentation,  and  the 
formation  of  normal  larvse  in  a  large  percentage  of  the  eggs.  In  order 
to  produce  these  results  he  put  the  eggs  for  about  five  minutes  into  a 
mixture  of  85  c.c.  sea-water  plus  15  c.c.  N/10  acetic  acid. 


These  and  similar  facts  may  serve  us  as  a  basis  for  the  further 
analysis  of  the  nature  of  the  process  of  fertilization. 

If  we  call  forth  the  membrane  formation  in  the  unfertilized  egg 
of  Strongylocerdratvs  purpuratus,  either  by  treating  it  with  benzol  or 
with  a  fatty  acid  or  with  alkali,  the  same  processes  take  place  at  first 
as  in  the  case  of  the  entrance  of  a  spermatozoon ;  after  some  hours  a 
normal  nuclear  spindle  is  formed  and  the  nucleus  divides  regularly 
into  two  nuclei.  This  shows  that  the  synthesis  of  nuclein  salts  is 
started  by  the  membrane  formation.  If  the  temperature  is  very  low 
(from  2°  to  5®  C.)  the  segmentation  continues  slowly  but  regularly  and 
a  few  normal  blastulse  may  be  obtained.  At  a  temperature  of  15®  or 
more  the  development  does  not  go  beyond  the  formation  of  the  first 
nuclear  spindle  or  nuclear  division ;  soon  after  this  the  egg  begins  to 
disintegrate  in  a  characteristic  way.    If,  however,  the  egg  is  put  after 
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the  membrane  formation  for  from  30  to  50  minutes  (at  15®  C.)  into 
hypertonic  sea-water,  all  the  eggs  remain  alive  and  develop,  provided 
the  time  of  exposure  is  chosen  correctly ;  and  in  a  number  of  these  eggs 
segmentation  and  development  occur  in  a  normal  way.  It  is  therefore 
chvious  that  the  calling  forth  of  the  membrane  fomuUion  in  the  egg 
starts  the  nvclein  synthesis  and  the  other  'processes  of  development,  but 
that  the  chemical  processes  do  not  occur  properly.  Through  the  subse- 
quent treatment  of  such  eggs  with  hypertomc  sea-water  these  processes 
are  carried  back  into  the  proper  channeb.  In  some  forms,  e,  g., 
Thalassema  and  Asterina,  the  calling  forth  of  the  process  of  mem- 
brane formation  obviously  suffices  to  start  the  chemical  processes  in 
the  egg  in  the  right  channels  and  no  after-treatment  with  hypertonic 
sea-water  is  required.  Our  understanding  of  the  developmental 
efiFects  of  the  spermatozoon  therefore  depends  upon  the  answer  to  the 
three  following  questions :  (1)  What  is  the  physico-chemical  character 
of  the  process  of  membrane  formation  whereby  this  process  is  able  to 
start  the  development  of  the  egg  ?  (2)  Why  does  it  start  this  develop- 
ment in  some  forms,  e.  g,,  Strongylocentrotus  purpuratus,  in  the  wrong 
channels?  (3)  In  which  way  does  the  treatment  of  such  eggs  with 
hypertomc  solution  carry  the  development  back  into  the  proper 
channels  ?    We  shall  try  to  answer  these  three  questions  in  turn. 

As  far  as  the  physico-chemical  character  of  the  process  of  mem- 
brane formation  in  Strongylocentrotus  is  concerned,  we  have  seen 
that  it  can  be  produced  by  very  different  means  in  the  sea-urchin; 
first,  by  fat  solvents,  e.  g,,  benzol,  toluol,  amylen,  etc.  Since  I  had 
formerly  expressed  the  suggestion  that  the  process  of  membrane 
formation  might  be  due  to  a  coagulation  and  since  it  might  be  argued 
that  the  above-mentioned  agencies  might  also  have  a  slight  coagulat- 
ing eflFect,  it  was  of  importance  to  make  certain  whether  they  really 
act  only  through  their  fat-dissolving  power.  Benzol  has  a  high  fat- 
dissolving  power  and  an  extremely  sUght  coagulating  effect  on  pro- 
teins. Phenol,  on  the  contrary,  has  a  much  smaller  fat-dissolving 
power  but  a  very  great  coagulating  effect.  If  the  process  of  mem- 
brane formation  were  due  to  a  coagulating  effect  of  these  agencies, 
phenol  should  act  much  more  powerfully  in  the  membrane  produc- 
tion than  benzol ;  if,  however,  these  media  act  through  their  fat  dis- 
solving power,  the  reverse  should  hold.  Benzol  is  practically  insoluble 
in  sea-water.  For  the  purpose  of  the  membrane  formation  about  2 
drops  of  benzol  were  put  into  50  c.c.  of  sea-water  and  the  mixture 
shaken.  In  order  to  increase  the  solubility  of  the  benzol  in  the  sea- 
water  the  latter  was  heated  slightly.  The  shaking  caused  an  emul- 
sion, but  only  a  trace  of  the  few  drops  of  benzol  went  into  solution; 
yet  this  caused  the  membrane  formation  instantly  in  the  eggs  of  the 
sea-urchin.  On  the  other  hand,  phenol  is  very  soluble  in  sea-water. 
It  was  necessary  to  add  6  c.c.  m/2  phenol  (Kahlbaum)  to  50  c.c.  sea- 
water  to  produce  the  membrane  formation.     Moreover,  although 
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toluol  has  been  used  extensively  in  experiments  on  protein  solutions, 
no  author  has  ever  noticed  a  coagulating  effect.  Yet  it  is  just  as  effec- 
tive as  benzol  for  the  production  of  the  fertilization  membrane.  I 
think  there  can  be  no  doubt  that  we  are  dealing  with  an  action  of 
benzol,  amylen,  toluol^  on  the  solution  of  fatty  compounds  and  not 
on  coagulation. 

The  second  agency  for  the  membrane  formation  is  a  treatment  of 
the  eggs  with  alkali.  The  saponifying  action  of  alkalis  upon  fat  b 
too  well  known  to  require  any  further  discussion. 

The  action  of  acids,  however,  is  very  peculiar  and  interesting.  As 
abeady  stated,  only  such  acids  as  contain  one  (but  not  more)  carboxyl 
group  produce  the  membrane  formation  in  Strongylocentrotus  pur- 
puratiLS.  HCl,  HNO,,  H3SO4,  NaH2P04,  and  dibasic  or  tribasic 
organic  acids,  e.  g.,  oxalic,  succinic,  citric  acids,  etc.,  were  practically 
ineffective.  This  shows  that  the  effect  of  the  fatty  acids  cannot  be 
due  to  the  hydrogen  ion;  the  hydrogen  ion  inhibits  the  process  of 
membrane  formation,  as  can  be  shown  by  the  fact  that  the  membrane 
cannot  be  formed  as  long  as  the  egg  is  in  the  acidulated  sea-water, 
but  only  after  it  has  been  transferred  back  to  normal  sea-water. 
Moreover,  it  can  be  shown  that  the  ineffectiveness  of  such  acids  as 
HCl,  HNOa,  etc.,  is  not  due  to  a  secondary  injurious  effect  upon  the 
eggs,  for  an  effective  solution  of  butyric  acid  remains  just  as  effective 
if  we  add  to  it  the  equivalent  amount  of  hydrochloric  acid.  We  are 
obviously  dealing  here  with  a  specific  action  of  one  group  of  acids, 
namely,  of  those  which  contain  one  carboxyl  group.  Some  of  these 
acids,  e.  g.,  acetic,  are  well-known  fat  solvents.  Pflueger  pointed 
out  long  ago  the  fat-dissolving  action  of  oleic  acid.  All  of  these  mono- 
basic fatty  acids  are  more  soluble  in  fat  than  the  other  acids.  It  is 
therefore  possible  that  these  acids  act  as  fat  solvents  and  that  it  is  due 
to  this  action  that  they  cause  the  membrane  formation. 

But  why  should  the  membrane  formation  in  the  egg  be  connected 
with  the  process  of  fat  solution  ?  Several  years  ago  I  showed  that  the 
process  of  membrane  formation  in  the  egg  is  a  transition  stage  in 
such  cases  of  cytolysis  of  the  egg,  whereby  the  latter  is  transformed 
into  a  shadow.  If  we  treat  eggs  with  benzol  or  amylen  they  form  a 
membrane  and  are  a  few  seconds  later  transformed  into  shadows. 
The  treatment  of  the  unfertilized  eggs  with  alkali  also  transforms  them 
rapidly  into  shadows  if  the  solution  is  free  from  Ca  or  Mg.    In  this 

f)rocess  also  a  membrane  is  formed.  The  treatment  of  the  eggs  with  a 
atty  acid  does  not  cause  cytolysis,  but  this  is  due  to  the  inhibiting 
action  of  the  H  ions.  Through  the  addition  of  acid  to  sea-water  the 
cytolytic  action  of  fat  solvents  like  benzol  is  also  inhibited.  We  can 
also  produce  cytolysis  by  treating  the  eggs  with  hypertonic  sea-water 
of  a  very  high  osmotic  pressure,  e.  g.,  li  to  2  m.,  or  with  very  dilute 
sea-water;  in  both  cases  the  process  of  membrane  formation  is  a 
transitional  stage  in  the  cytolysis. 
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Experiments  on  cytolysis  in  red  blood  corpuscles  seem  to  show 
that  the  mechanism  of  this  process  is  the  destruction  of  the  membrane 
of  the  red  corpuscles  chiefly  by  lipolysb,  Koeppe  assumes  (as  is 
generally  agreed)  that  the  surface  of  the  red  blood  corpuscle  consists 
of  a  lipoid  film  which  is  liquefied,  saponified,  or  otherwise  destroyed, 
in  cytolysis.  I  believe  that  the  same  b  true  for  the  cytolysis  of  the 
egg,  with  this  diflFerence  only,  that  in  the  egg  it  is  not  the  most  super- 
ficial film  which  is  liquefied,  but  the  layer  underneath  it.  ITie  sur- 
face film  is  preserved  in  this  process;  it  is  at  first  quite  thin  and 
invisible,  but  very  soon  becomes  visible,  possibly  through  an  imbibi- 
tion with  water  which  causes  it  to  swell. 

The  process  of  membrane  formation,  according  to  these  facts, 
seems  to  be  due  to  a  solution  of  the  fatty  layer  underneath  the  surface 
film  of  the  egg.  This  fatty  layer  forms  together  with  the  surface  film 
a  solid  shell  around  the  unfertilized  egg.  As  soon  as  the  fatty  layer 
under  the  surface  film  is  liquefied,  water  is  squeezed  out  from  the 
cytoplasm  and  forms  a  layer  between  this  and  the  outside  film  which 
in  the  meanwhile  has  become  toughened.  But  how  could  this  process 
of  fat  solution  and  possibly  Upolysis  be  connected  with  the  synthesis 
of  nucleins  ?  We  cannot  answer  this  question  except  by  mentioning 
the  possibility,  that  the  lecithins  may  be  involved  in  the  liquefaction 
and  hydrolysis  of  the  surface  layer  of  the  egg. 

The  second  question  raised  by  us  was :  Why  does  the  process  of 
nuclein  synthesis  come  to  a  standstill  so  soon  after  the  membrane 
formation  (unless  the  egg  is  treated  with  hypertonic  sea-water)  and 
why  does  the  egg  disintegrate  so  rapidly  in  this  case  ?  To  this  question 
we  are  able  to  give  a  pretty  definite  answer.  We  stated  in  the  be- 
ginning of  this  paper  that  processes  of  oxidation  are  the  conditio  sine 
qua  non  of  nuclein  synthesis  and  development  in  the  fertilized  egg. 
The  nuclein  synthesis  and  the  segmentation  of  the  nucleus  and  the 
cytoplasm  after  the  artificial  membrane  formation  also  depend  upon 
oxidations  and  do  not  occur  in  the  absence  of  O  or  the  presence  of 
KCN.  It  can  be  shown  that  the  disintegration  of  the  eggs  does  not 
occur  if  the  eggs  are  put  after  the  membrane  formation  into  an  at- 
mosphere of  pure  hydrogen,  or  if  the  oxidations  are  suppressed  in  the 
egg  by  the  addition  of  a  trace  of  KCN.  Eggs  which  after  the  memr 
brane  formation  are  thus  treated  remain  intact  and  can  be  caused 
to  develop  if  after  a  number  of  hours  they  are  treated  with  hypertonic 
sea-water,  while  at  this  time  the  eggs  of  the  same  experiment  which 
had  remained  in  normal  sea-water  are  already  disintegrating.  We 
must  therefore  conclude  that  the  artificial  membrane  formation 
causes  or  allows  the  oxidations  underlying  the  synthesis  of  the  nucleins, 
but  that  these  oxidations  do  not  occur  in  the  right  direction ;  and  that 
these  faulty  oxidations  are  the  cause  of  the  rapid  disintegrations  of 
such  eggs.  This  disintegration  occurs  the  sooner  the  higher  the 
temperature. 
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This  conception  receives  support  throu^  the  experiments  intended 
to  give  an  answer  to  the  third  question,  namely,  how  it  happens  that 
eggs  which  after  the  artificial  membrane  formation  are  treated  for 
from  30  to  50  minutes  with  hypertonic  sea-water  develop  normally. 
It  was  found  in  all  experiments  that  a  hypertonic  solution  acts  in  this 
way  only  if  it  contains  free  oxygen.  If  we  substitute  for  the  air  pure 
hydrogen  or  if  we  add  to  the  hypertonic  solution  a  small  amount  of 
KCN  this  effect  is  not  produced.  If  the  eggs  possessing  membranes 
are  brought  back  from  the  hypertonic  solution  free  from  oxygen  or 
containing  KCN  into  normal  sea-water,  they  disintegrate  in  the  same 
way  as  if  they  had  not  been  treated  with  the  hypertonic  solution;  if 
the  same  eggs  are  put  after  the  treatment  with  hypertonic  sea-water 
free  from  oxygen  for  from  30  to  50  minutes  into  hypertonic  sea-water 
containing  oxygen  they  will  develop  normally  when  put  back  into 
normal  sea-water.  The  dominant  rdle  of  the  oxygen  in  the  action  of 
hypertonic  sea-water  upon  the  unfertilized  egg  is  still  more  manifest 
in  experiments  on  eggs  which  possess  no  membranes.  If  we  put  the 
unfertilized  eggs  of  Strongylocentrotus  directly  into  hypertonic  and 
hyperalkaline  sea-water,  e.  g.,  50  c.c.  sea-water  plus  10  c.c.  2^  NaCl 
plus  1  c.c.  N/10  NaHO  and  leave  them  in  such  a  solution  at  15°  C. 
for  about  two  hours,  many  eggs  will  develop  after  they  are  transferred 
back  to  normal  sea-water,  while  others  will  be  injured  and  perish  in  a 
short  time.  Both  effects,  however,  are  only  produced  if  the  hyper- 
tonic solution  contains  oxygen.  If  it  is  carefully  freed  from  oxj'gen 
or  if  the  oxidations  are  inhibited  by  KCN  the  eggs  are  intact  when 
taken  out  of  the  solution.  They  will  neither  develop  nor  disintegrate 
when  put  back  into  normal  sea-water.  If  after  a  few  hours  sperm  is 
added  to  such  eggs  they  will  develop.  However  one  may  vary  the  ex- 
periment, the  result  is  always  the  same,  namely  that  a  hypertonic 
solution  stimulates  or  modifies  the  development  of  the  egg  only  in  the 
presence  of  free  oxygen.  This  seems  to  indicate  that  the  effect  of  the 
hypertonic  solution  in  artificial  parthenogenesis  consists  in  a  modifica- 
tion of  the  phenomena  of  oxidation  in  the  egg;  the  latter  are  led  back 
into  the  right  channel.  This  is  the  reason  why  the  eggs  do  not  disin- 
tegrate but  develop  if  they  are  treated  with  hypertonic  sea-water  after 
the  artificial  membrane  formation. 


VI 

If  we  summarize  all  the  experiments  on  artificial  parthenogenesis  it 
seems  that  the  essential  feature  of  the  process  of  fertilization  consists 
first  in  a  liquefaction  or  hydrolysis  or  both,  of  fatty  compounds,  and 
second,  in  the  starting  of  processes  of  oxidation  in  the  right  direction. 
In  some  forms,  e,  jr.,  Asterina,  the  latter  will  take  place  naturally  if 
only  the  former  process  is  started.    In  the  eggs  of  many  forms  the 
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process  of  liquefaction  or  saponification  of  lipoids  occurs  under  the 
phenomenon  of  membrane  formation.  These  processes  of  the  lique- 
faction of  fats  and  hydrolysis  and  oxidation  form  apparently  the  basis 
of  the  synthesis  of  nucleins.  It  is  possible,  but  far  from  proved,  that 
among  the  fatty  compounds  involved  in  the  process  of  hydrolysis  are 
the  lecithins. 

These  results  are  in  harmony  with  the  facts  observed  in  the  germi- 
nation of  oily  seeds.  The  process  of  germination  b  an  analogue  to 
the  starting  of  the  development  in  the  animal  egg,  inasmuch  as  resting 
cells  are  thrown  into  the  process  of  cell  division  and  this  process  is 
based  upon  the  synthesis  of  nucleins.  Experiments  on  the  germina- 
tion of  the  castor  bean  have  shown,  according  to  Hoyer,  that  as 
soon  as  the  seeds  are  put  into  water  a  hydrolytic  process  is  started 
which  results  in  the  formation  of  acid,  chiefly  carbomc,  lactic,  and  to  a 
smaller  degree,  acetic  acid.  Through  these  acids  a  lipolytic  enzyme 
is  activated  by  which  the  oil  of  the  seed  is  rapidly  hydrolyzed.  The 
rest  of  the  process  of  germination  is  primarily  a  nuclein  synthesis.  This 
synthesis  depends,  as  in  the  case  of  the  egg,  upon  the  presence  of  free 
oxygen,  since  Moritz  Traube  has  shown  that  seeds  cannot  germinate 
except  in  the  presence  of  free  oxygen.  I  think  the  chemistry  of  the 
germination  of  seeds  b  essentially  the  chembtry  of  nuclein  synthesb, 
and  I  believe  the  method  of  starting  thb  synthesb  b  essentially  the 
same  as  in  the  fertilization  of  the  egg. 

We  can  also  understand  why  certain  eggs  can  develop  without 
fertilization  or  show  natural  parthenogenesb,  while  others  require 
fertilization.  The  naturally  parthenogenetic  eggs  are  those  in  which 
the  nuclein  synthesb  can  be  started  without  the  addition  of  an  outside 
agency.  In  analogy  with  the  experience  on  seeds,  we  may  assume 
that  the  acid  formed  in  them  after  they  have  left  the  ovary  b  sufficient 
to  bring  about  the  necessary  hydrolytic  process  or  processes;  either  ♦ 
directly  or  through  the  activation  of  enzyme.  Such  eggs  must  also 
contain  the  necessary  prerequisite  for  the  normal  occurrence  of  the 
process  of  oxidation.  In  the  eggs  which  require  fertilization  we  must 
probably  discriminate  between  two  groups,  one  for  which  the  hydroly- 
sb  b  sufficient  to  start  the  nuclein  synthesis,  e.  g.,  starfish,  Thalassema, 
Polynoe;  the  second  group  for  which  in  addition  provbions  are  to  be 
made  for  the  processes  of  oxidation,  bytreating  these  eggs  with  hyper- 
tonic sea^water  containing  oxygen,  e.  g.,  sea-urchin,  and  Lottia. 

I  am  of  the  opinion  that  this  mechanism  of  nuclein  synthesb  b  the 
thread  by  which  we  can  find  a  rational  way  through  the  maze  of  the 
otherwise  bewildering  mechanisms,  characteristic  of  living  matter; 
on  one  hand,  the  phenomena  of  growth,  on  the  other,  those  of  self- 
preservation. 

I  will  illustrate  thb  by  one  example.  It  can  be  proved  that  the 
nucleus  itself  or  one  of  its  constituents  acts  as  a  catalyzer  in  the  syn- 
thesb of  nuclein  in  the  fertilized  egg.    Thb  follows  from  the  fact 
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that  the  velocity  of  the  nuclein  synthesis  in  the  fertilized  egg  increases 
in  proportion  with  the  number  of  nuclei  already  present  in  the  egg.  If 
the  mass  of  the  original  fertilization  nucleus  is  m,  the  mass  of  nucleins 
increases  during  the  first  segmentation  period  to  2m,  during  the  next  to 
4m,  and  so  on,  increasing  with  the  exponent  of  2 ;  while  the  duration 
of  the  various  periods  of  segmentation  differs  little  and  these  diflFer- 
ences  have  no  relation  to  the  mass  of  the  nuclear  material  formed 
during  the  period.  This  behavior  of  a  chemical  reaction  is  charac- 
teristic for  such  catalytic  processes  in  which  one  of  the  products  of  the 
reaction  is  itself  a  catalyzer  for  the  reaction.  We  must  therefore  con- 
clude that  the  nuclei  themselves  or  one  of  their  constituents  are  the 
catalyzer  for  the  nuclein  synthesis  or  one  phase  of  it.  It  is  possible 
that  the  nucleus  catalyzes  only  the  phenomena  of  oxidation,  and  inas- 
much as  oxidations  are  the  conditio  sine  qiui  non  of  nuclein  synthesis, 
this  would  explain  the  autocatalytic  effect  of  the  nuclei  upon  this 
reaction.  A  number  of  years  ago  I  pointed  out  that  the  nucleus  seems 
to  act  as  the  main  (though  possibly  not  the  only)  oxidizing  agency  of 
the  cell.  This  influence  of  the  nucleus  upon  the  nuclein  synthesis,  and 
the  rdle  of  this  synthesis  upon  the  preservation  and  continuation  of 
living  matter,  explains  one  of  the  most  mystifying  characteristics  of  the 
latter,  namely,  the  phenomenon  of  automatic  reproduction  of  cells. 
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DIFFERENTIATION  AND  SENESCENCE  IN  HYDROIDS 

(AfiaTRAcr) 
HARRY  SEAL  TORREY  AND  ANN  L.  MARTIN 

In  many  hydroids,  the  skeleton  exhibits  progressive  serial  diflFer- 
entiation  from  base  to  tip:  (1)  of  the  stem,  as  in  certain  campanu- 
larians,  or  (2)  of  the  branches,  as  in  Aglaophenia.  Successive 
hydrothecse  differ  gradually  in  shape,  size,  and  sculpturing,  or  the 
pedicels,  when  present,  differ  in  the  number  and  size  of  their  annuli. 
This  type  of  differentiation  represents  essentially  a  type  of  colonial 
senescence.  It  also  affords  a  striking  parallel  with  certain  aspects 
of  the  life  cycle  of  infusoria.  Successive  non-sexual  individuals 
exhibit  progressive  differences  in  a  constant  environment.  The 
variable  is  accordingly  internal. 

Experiments  indicate  that  the  character  of  the  variable  is  physio- 
logical, not  morphological;  that  the  colony  is  not  morphologically 
predetermined.  It  is  natural  to  expect  that  regeneration  in  a  mor- 
phologically predetermined  colony  at  a  given  level  would  produce  a 
part  differentiated  according  to  the  type  of  structure  previously  exist- 
ing at  that  level.  Such  an  expectation  is  not  realized,  however,  in 
Clt/tia  hakeri.  In  aquaria  in  which  intact  colonies  developed  as  in 
nature,  it  was  found  that  stems  cut  at  given  levels  regenerated  in 
certain  respects  not  according  to  the  original  tjrpe  for  that  level,  but 
according  to  the  type  characteristic  of  the  distal  or  youngest  member 
of  the  stem.  This  result  indicated  a  general  physiological  change 
throu^out  the  stem  correlated  with  advancing  age. 

The  characters  especially  considered  in  this  connection  were  the 
number  and  size  of  the  annuli  in  the  hydrothecal  pedicels.  In  normal 
stems  the  annuli  suffer  a  general  decrease  in  number  and  a  slight 
increase  in  size  from  base  to  tip  of  each  stem.  The  result  of  regenera- 
tion following  a  cut  through  the  stem  at  whatever  level,  was  a  pedicel 
with  a  number  of  annuli  invariably  reduced  to  that  characteristic  of 
the  distal  member  of  the  stem,  and  a  slight  increase  in  the  size  of 
each  annulus.  The  statement  applies  as  well  to  small  stems  with 
several  annuli  in  distal  pediceb  as  to  longer  stems  with  but  one 
annulus  in  the  distal  pedicel. 

Somewhat  different  results  followed  the  excision  of  individual 
pedicels.  In  such  cases,  usually  as  many  annuli  reappeared  as  had 
been  removed,  rarely  more,  rarely  less;  but  frequently  more  than 
were  characteristic  of  the  distalmost  pedicel  on  the  intact  stem. 
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Interesting  differences  appeared  in  the  numerous  cases  when  the 
proximal  ends  of  pieces  of  stem  developed  heteromorphic  shoots. 
The  latter  tended  to  recapitulate  briefly  in  their  annulation  the  devel- 
opment of  the  stem  annuli  (which  also  exhibit  serial  differentiation). 
In  a  small  percentage  of  cases,  regenerated  pedicels  possessed  more 
annuli  than  had  been  present  originally  at  the  level  of  the  wound. 
In  these  facts  may  be  seen  a  tendency  of  heteromorphic  shoots  to 
develop  as  though  arising,  like  normal  stems,  from  a  stolon  with 
general  potentialities.  In  the  ^eat  majority  of  .cases,  however,  the 
number  of  annuli  associated  with  each  heteromorphic  hydranth  was 
the  number  characteristic  of  the  distal  pedicel. 
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THE  EFFECT  OF   LIGHT   UPON   THE   GROWTH  AND 
DIFFERENTIATION   OF   OBELIA 

(Abstbact) 

HARRY  REAL  TORREY  AND  ANN  L.  MARTIN 

Obelia  sp.  is  found  at  the  surface  on  fronds  of  the  giant  kelp 
(Macrocystis).  In  the  laboratory  a  given  stem  regenerates  in  the  dark 
from  a  distal  cut  two  or  three  hydranths  in  the  time  required  for  the 
production  of  one  by  a  siniilar  stem  under  similar  conditions  (water, 
temperature,  etc.),  except  that  it  develops  in  daylight.  The  annuli 
on  the  pedicels  supporting  the  hydrothecae  in  the  former  are  also 
more  numerous.  Wnen  sin^e  pediceb  are  removed,  they  are  regen- 
erated with  a  larger  number  of  annuli  in  darkness  than  in  daylight. 

Compared  with  the  course  of  things  in  darkness,  the  processes  of 
growth  and  differentiation  are  much  retarded  and  to  some  extent 
diminished  in  daylight.  The  effect  of  light  upon  Obelia  sp.  is  accord- 
ingly directly  oppcwed  to  its  effect  upon  Eudendrium  as  shown  by 
Loeb. 
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THE  CAUSE  OF  RHYTHMICAL  PULSATION   IN 
SCYPHOMEDUS^* 

Abstract 

ALFRED  GOLDSBOROUGH  MAYER 

Romanes  and  Eimer  found  that  if  we  remove  the  marginal  sense- 
organs  of  a  scyphomedusa  the  disk  becomes  paralyzed  and  does  not 
pubate  in  sea-water. 

In  1906  the  writer  found,  however,  that  any  strip  of  sub-umbrella 
tissue  of  a  scyphomedusa  cut  in  the  shape  of  a  ring,  or  a  closed  circuit, 
will  continue  to  pulsate  rhythmically  in  sea-water^  provided  a  con- 
traction wave  be  once  started  in  the  circuit. 

Any  soluble  salt  of  potassium,  sodium;  lithium,  barium,  platinum, 
or  hydrogen  (acid),  or  an  electrical  or  mechanical  stimulus,  will  pro- 
duce a  contraction  in  the  disk  of  the  scyphomedusa  Cassiopea,  and 
will  serve  to  start  rhythmical  pulsation  in  a  ring-shaped  strip  of  para- 
lyzed sub-umbrella  tissue. 

The  contraction  arises  from  any  point  we  may  choose  to  stimulate 
on  a  ring  of  paralyzed  sub-umbrella  tissue.  This  contraction  may  con- 
sist of  two  waves  of  eqtud  magnitude  which  proceed  in  opposite  direc- 
tions along  the  ring  away  from  their  common  point  of  origin.  Under 
these  circumstances  each  wave  travels  half  way  around  the  ring  where 
it  meets  the  other  wave  coming  in  the  opposite  direction.  The  two 
waves  then  block  against  one  another,  and  all  movement  ceases  at 
their  place  of  meeting,  for  tissue  which  has  been  set  into  pulsation  can- 
not again  pulsate  until  after  an  interval  of  rest;  hence  neither  of  the 
waves  can  stimulate  the  tissue  which  has  only  the  instant  before 
been  set  into  contraction  by  the  other  wave,  and  thus  all  movement 
ceases  at  the  meeting  point  of  the  two  waves. 

More  frequently,  however,  the  two  waves  which  arise  from  the 
stimulated  pomt  are  unequal,  one  being  powerful  and  the  other  weak. 
This  is  doubtless  due  to  an  inequality  in  the  transmitting  power  of  the 
tissue  on  either  side  of  the  point  of  stimulation,  and  the  major  wave 
goes  in  the  direction  of  the  least  resistance.  Under  these  circum- 
stances, when  the  strong  contraction  wave  meets  the  weak  one,  it  is 
still  capable  of  stimulating  the  tissue  over  which  the  weak  wave  has 
travelled ;  whereas  the  weak  wave  cannot  stimulate  the  tissue  which 
has  only  the  instant  before  been  set  into  powerful  contraction  by  the 

'  Papers  from  the  Marine  Biological  Laboratory  at  Tortugas.    Publicatiana  of 
the  Carnegie  InstiiiUion  at  Washing^,  No.  102,  pp.  115-131,  13  figs.    1908. 
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strong  wave.    Thus  the  weak  wave  is  obliterated,  and  the  strong  wave 
alone  remains  to  travel  constantly  around  the  ring  in  one  direction. 

This  wave  may  maintain  itself  for  days  traveling  at  a  uniform  rate 
through  the  annulus,  and  this  rate  is  fully  twice  that  of  the  normal 
pulsation  maintained  by  the  marginal  sense-organs. 

The  ventricle  of  the  heart  of  the  Lo^erhead  Turtle  (TfuUaS' 
sochelys  caretta)  if  cut  into  ring-shaped  strips  may  also  be  caused  to 
maintain  itself  in  rhythmical  pulsation  in  the  manner  described  above 
for  the  scyphomedusa. 

The  point  which  was  stimulated,  and  from  which  the  contraction 
wave  first  starts,  is  of  no  more  importance  in  maintaining  the  rhythmi- 
cal movement  than  is  any  other  point  on  the  ring,  for  the  tissue  around 
the  stimulated  point  may  be  cut  away,  and  still  the  pulsation  continues 
unchecked,  provided  the  circuit  remains  unbroken;  or  we  may  by 
concentric  circular  cuts  divide  the  original  pulsating  ring  into  a  series 
of  concentric  annuli,  all  of  which  will  continue  to  pulsate  undisturbed, 
thus  demonstrating  that  the  pulsation  is  not  maintained  by  any  one 
definite  center,  but  that  any  point  on  the  ring  may  receive  and  forward 
the  pulsation-stimulus,  provided  it  be  allowed  a  sufficient  interval  of 
rest  between  successive  stimulations.  My  conclusions  of  1906  are 
erroneous  in  this  respect,  and  this  rhythmical  pulsation  is  not  main- 
tained by  a  center,  but  by  each  and  every  part  of  the  ring  in  succession 
as  the  wave  passes  through  the  circuit. 

In  the  scyphomedusae  the  pulsation-stimulus  is  maintained  by 
the  diffuse  nervous  system  of  the  sub-umbrella,  and  this  stimulus 
causes  the  muscles  to  contract.  The  stimulus  may  readily  pass 
through  tissue  which  has  recently  regenerated  and  contains  no  mus- 
cles, or  through  parts  wherein  the  muscles  have  been  rendered  inca- 
pable of  contracting  through  the  action  of  distilled  water,  magnesium, 
curare,  carbon  dioxide,  or  alcohol. 

On  the  other  hand,  the  pulsation-stimulus  cannot  pass  through, 
or  be  conducted  by,  muscles  from  which  the  nervous  network  and 
epithelial  layer  have  been  peeled  away.  All  experiments  serve  to 
demonstrate  that  the  pulsation-stimulus  is  conducted  by  the  ner- 
vous elements,  and  not  by  the  muscles;  which  merely  respond  to 
its  presence  by  contraction.    Indeed,  the  pulsation-stimulus  is  inde- 

Emdent  of  the  muscles,  and  will  traverse  the  epithelial  and  nervous 
yer,  whether  the  muscles  respond  by  contraction  or  not. 
In  so  far  as  is  known,  all  rhythmically  pulsating  animal  tissues 
contain,  or  are  surrounded  by,  the  elements  Na,  Ca,  K,  and  Mg. 
Marine  animals  live  in  a  solution  which  is  well  represented  by  the 
formula  5/8  m  (100  NaCl  +  7.8  MgCl,  +  3.8  MgSO,  +  2.2  KCl  + 
3  CaClj),  while  the  hearts  of  terrestrial  animals  pulsate  in  the  presence 
of  the  same  salts,  but  in  amounts  and  proportions  other  than  in  the 
above  formula. 

If  a  ring-shaped  strip  of  sub-umbrella  tissue  of  Cassiopea,  without 


Digitized  by 


Google 


280       Vn.    INTERNATIONAL  ZOOLOGICAL  CONGRESS 

sense-organs,  be  set  into  rhythmical  pulsation,  and  then  partially  im- 
mersed beneath  a  solution  of  5/8  m  MgS04  or  MgClj,  the  immersed 
portion  of  the  ring  gradually  loses  its  contractibility,  and  after  ten  min- 
utes' immersion  the  immersed  portion  of  the  ring  will  have  ceased  to 
pulsate,  while  the  unimmersed  part  continues  its  pulsation  in  a  normal 
manner.  It  is  evident  that  the  pulsation-stimulus  passes  through  the 
inert  immersed  portion,  the  muscles  of  which  cannot  respond  to  the 
stimulus.  This,  and  other  experiments,  demonstrate  that  magnesium 
affects  the  muscles,  rendering  them  incapable  of  contracting,  and  pro- 
ducing a  state  of  constant,  inert  relaxation. 

Magnesium,  however,  has  but  little  effect  upon  the  pulsation- 
stimulus  itself,  for  the  unimmersed  portion  of  the  ring  continues  to 
pulsate  for  fully  half-an-hour  after  all  movement  has  ceased  in  the 
portion  subjected  to  the  action  of  the  magnesium.  We  know  that  the 
pulsation-stimulus  is  transmitted  by  the  nervous  elements,  and  evi- 
dently these  are  relatively  unaffected  even  by  a  pure  magnesium 
solution. 

Very  different  is  the  effect  of  the  remaining  elements  of  the  sea- 
water,  for  if  the  medusa  be  immersed  in  a  solution  lacking  magnesium, 
but  containing  NaCl,  CaCl,  and  KCl,  it  pulsates  at  an  abnormally 
rapid  rate  and  with  increased  amplitude  for  some  hours,  after  which 
its  activity  begins  to  decline,  and  finally  all  movement  ceases  and  the 
medusa  dies  exhausted,  and  in  tetanus  of  so  pronounced  a  character 
that  the  muscles  are  torn  into  shreds.  If  the  medusa  be  maintained  in 
the  solution  lacking  magnesium  for  twenty-four  hours,  its  rate  will 
decline  from  about  80  to  3  pulsations  per  minute,  and  the  bell  will 
then  be  strongly  contracted  in  sustained  tetanus  with  many  rents  torn 
across  the  trend  of  the  muscle  fibers.  Even  under  these  conditions, 
however,  complete  recovery  takes  place,  the  tetanus  is  obliterated,  and 
normal  pulsation  resumed  if  we  merely  introduce  magnesium  in  the 
amount  found  in  sea-water. 

Tetanus,  and  a  final  lowering  of  the  rate  of  pulsation,  is  also  pro- 
duced in  the  rhythmical  movement  of  the  branchial  arms  of  Lepas  by 
NaCl  +  KCl  +  CaClj,  and  in  this  case  also  the  tetanus  is  cured  and 
normal  pulsation  restored  by  magnesium. 

This  tetanus  is  caused  by  the  presence  of  calcium,  as  has  been 
demonstrated  by  Professor  J.  Loeb. 

It  is  the  r6le  of  magnesium  to  prevent  this  tetanus,  and  to  relax  the 
muscles  so  as  to  maintain  them  in  normal  tone,  and  thus  it  is  that 
magnesium  and  calcium  offset  one  the  other  and  the  resultant  is  a 
normal  state  which  is  neither  one  of  complete  relaxation  nor  of 
tetanus. 

I  have  made  numerous  experiments  which  lead  me  to  believe  that 
the  sea-water  is  a  perfectly  balanced  fluid  neither  stimulating  nor  in- 
hibiting pulsation  in  Cassiopea.  This  is  due  to  the  fact  that  the  sodium 
chloride  of  the  sea-water  is  a  powerful  nervous  and  muscular  stimulant. 
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but  the  calcium,  potassium,  and  magnesium  are  inhibitors  and  their 
combined  effect  exactly  counterbalances  the  tendency  of  the  sodium, 
thus  producing  a  neutral  fluid. 

The  stimulus  which  produces  pulsation  does  not  arise  from  the 
sea-water,  but  from  internal  chemical  changes  in  the  marginal  sense- 
organs.  I  find,  indeed,  that  the  entodermal  celb  at  the  outer  end  of  the 
sense-club  are  constantly  producing  sodium  oxalate  apparently  through 
the  incomplete  oxidation  of  carbohydrates.  This  sodium  oxalate  pre- 
cipitates the  calcium  chlorides  and  sulphates  which  enter  the  sense- 
club  from  the  surrounding  sea-water,  and  thus  the  "otolith "-crystals 
of  the  sense-club  are  formed ;  for  I  find  that  these  are  chiefly  composed 
of  calcium  oxalate,  not  calcium  carbonate  as  stated  in  text-books. 
Now  the  formation  of  the  crystab  in  this  manner  sets  free  sodium 
chloride  and  sulphate,  and  these  salts  act  as  stimulants  to  the  nervous 
elements,  which  respond  periodically,  and  produce  the  rhythmical 
pulsation. 

The  chemical  formula  for  the  reaction  is  as  follows : 

Na2C204  +  CaCl2  =  2  NaCI  +  CaC204 
Na2C204  +  CaS04  =  Na2S04  +CaC204 

This  weak  excess  of  soluble  sodium  salts  in  the  sense-club,  over 
and  above  the  concentration  of  these  salts  in  the  surrounding  sea- 
water,  is  a  constant  though  weak  nervous  stimulus.  The  responses  to 
this  stimulus  are  periodic  on  account  of  the  refractory  state  of  the 
nervous  elements  following  each  response  to  the  stimulus,  as  has  been 
demonstrated  by  Marey  and  Romanes,  and  more  recently  by  Bethe, 
AUgemeine  Anaiomie  und  Physiohgie  des  N erven-systems,  1903. 
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SUR  LIMMUNTT^  DES  CHENILLES  DE  GALERIA  MEL- 
LONELLA  VIS  X  VIS  DES  BACILLES  TUBERCULEUX 
ET  QUELQUES  AUTRES  MICROBES 

S.    METALNIKOFF 
(Abstract) 

1.  Les  chenilles  du  Galena  mellonella  possMent  une  immunity 
certaine  vis  a  vis  des  bacilles  tuberculeux.  Cette  immunity  repose 
snr  la  destruction  extraordinairement  rapide  de  bacilles  tuberculeux 
a  Finterieur  des  phagocytes  et  a  Tinterieur  des  capsules  particulier. 
La  destruction  des  bac.  tuberculeux  se  passe  beaucoup  plus  vite  a 
38°  qu'aux  temperatures  plus  bosses. 

2.  Les  chemlles  sont  immunes  ausse  invers  quelques  autres  mi- 
crobes (Cholera  des  poules,  BaciUus  coli).  Dans  tons  ces  cas  il  existe 
la  phagocytose  et  la  destruction  des  microbes  si  Tintemeur  phagocytes 
et  des  capsules. 

3.  Vb  d  vis  de  quelques  autres  microbes  les  chenilles  sont  trfe 
sensibles. 

Eu  injectant,  par  exemple,  aux  chenilles  Bacil.  subtelis,  Bac. 
Friedlaenderi,  ou  les  voit  toujotu^  mourir  trfes  vite.  Dans  toas  ces 
cas  la  phagocytose  est  tr^s  faible,  ou  bien  tout  a  fait  absent. 

4.  La  presence  du  phagocytose  ne  signifit  pas  encore  que  Tanimal 
est  immune.  Si  on  injecte,  par  exemple,  Stuphylococcus  albus,  on 
pent  constater  toujours  une  phagocytose  trfes  forte.  II  y  a  une  vrais 
lutte  entre  les  phagocytes  et  les  microbes.  Mais  a  la  fin  de  feu  les 
microbes  prennent  le  dessus  et  Tanima  meurt. 
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••SUE  LTMMUNITfi  DES  CHENILLES  DU  GALERU 

MELLONELLA  VIS  X  VIS  DES  MICROBES 

ET  LEURS  TOXINES" 

(Abstract) 
VICTOB  NEDRIGAILOFF 

1.  Les  chenilles  de  la  mite  de  la  dre  (Galeria  mellonella)  se  com- 
portent  tr^  differement  aux  microbes  qu'on  introduit  dans  leurs 
corps.  Vis  Sl  vis  des  ims  elles  sont  tout  k  fait  immunes,  vis  ct  vis  des 
autres  elles  sont  tr^  sensibles. 

2.  In  vitro  le  sang  des  chenilles  ne  tue  pas  les  microbes. 

3.  L'immimit6  depend  ezclusivement  de  Tactivit^  des  globules 

sanguins  (phagocytes). 

4.  Les  microbes  pathogenes  pour  Thomme  sont  tout  ft  fait  innofen- 
sif  s  pour  les  chenilles  de  la  inite. 

5.  Les  chenilles  ne  se  contaminent  pas  si  on  les  neurit  avec  les 
microbes. 

6.  Dans  Tintestm  de  chenilles  et  chrysalides  on  trouve  en  grande 
quantity  seulement  une  espece  des  microbesi  que  je  propose  de 
nomme  —  Melocoocus. 
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THE  CAUSES  OF  THE  DEATH  OF  MARINE  FISHES 
IN  FRESH  WATER  AND  VICE  VERSA 

FRANCIS  B.  SUMNER 

Is  the  death  of  salt  water  fishes  in  fresh  water  and  of  fresh  water 
fishes  in. salt  water  due  primarily  to  disturbances  occasioned  by 
osmosis  and  diffusion,  or  is  it  due  priniarily  to  chemical  changes 
wrought  in  the  tissues  ?  A  closer  consideration  of  the  problem  makes 
it  obvious  that  these  two  sets  of  factors  can  hardly  act  independently 
of  one  another.  In  the  course  of  my  own  work,  I  have  given  most 
attention  to  the  physiological  effects  of  transferring  marine  fishes  to 
fresh  or  brackish  water.  The  resulting  changes  may  be  considered 
under  the  following  heads : 

(1)  Death  or  survival  of  the  fishes  in  question. 

(2)  Obvious  reactions  or  symptoms  displayed. 

(3)  Changes  of  weight. 

(4)  Changes  in  the  chemical  composition  of  the  body. 

1.  As  regards  the  first  heading,  all  of  the  exclusively  marine 
fishes  used,  and  even  certain  brackish  water  species  and  ones  which 
may  in  nature  become  entirely  landlocked,  were  found  to  succumb 
from  the  effects  of  a  sudden  transfer  to  fresh  water.  From  experi- 
ments with  various  species  it  was  concluded,  on  the  one  hand,  that 
a  comparatively  gradual  acclimatization  (several  days  to  three  weeks) 
retarded,  but  did  not  annul,  the  fatal  effects  of  the  final  transfer  to 
pure  fresh  water;  and,  on  the  other  hand,  that  a  surprisingly  small 
percentage  of  sea-water  sufficed  in  some  cases  to  maintain  Sie  fishes 
m  perfect  health.  For  example,  during  the  past  winter,  twelve  speci- 
mens of  FundtUtis  heterocliiuSf  taken  directly  from  sea-water,  were 
kept  alive  for  fifty-four  days  (i.  e.  until  the  experiment  was  volun- 
tanly  abandoned)  in  fresh  water  containing  an  admixture  of  only 
one  per  cent  of  sea-water.  During  this  period  but  a  sin^e  death 
occurred;  while  fresh  water,  under  identical  conditions  of  tempera- 
ture, etc.,  invariably  proved  fatal  in  a  few  days.* 

2.  The  obvious  reactions  or  symptoms  vary  greatly  according 
to  the  rapidity  with  which  death  ensues.    Fishes  which  die  in  a 

1  In  Bome  oases  at  least,  statements  to  the  effect  that  this  fish  has  not  been 
harmed  by  abrupt  transfer  to  p(^ectly  fresh  water,  do  not  bear  investigation. 
This  assertion  was  recently  made  by  one  of  my  colleagues  at  the  Woods  Hole 
Laboratory,  but  an  analysis  of  the  "fresh"  water  in  the  tank  in  which  the  fishes 
were  kept,  revealed  the  presence  of  about  one  half  per  cent  of  sea-water,  whidi 
had  been  mtroduoed  with  the  fishes. 
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few  hours  or  less,  e.  g.  the  scup  (Stenotomtis  chrysops),  undergo 
violendy  convulsive  movements  of  the  whole  body,  which  continue 
even  after  respiration  has  ceased.  On  the  other  hand,  the  three 
common  local  species  of  Fundulus,  which  survive  for  a  much 
longer  period  in  pure  fresh  water,  frequently  exhibit  peculiar  symp- 
toms. Upon  the  slightest  provocation,  sometimes  without  apparent 
cause,  the  fish  darts  erratically  about  the  tank,  ending  in  an  ^'epilep- 
toid"  state,  in  which  it  lies  on  one  side,  with  the  gUl-covers  widely 
distended  and  the  body  twitching  slightly.  The  first  seizure  some- 
times proves  fatal,  though  more  conmionly  the  fish  recovers,  for  the 
time,  at  least,  its  normal  appearance,  and  may  continue  living  for 
days. 

3.  The  gain  or  loss  of  water  through  osmosis  was  determined  by 
weighing  a  living  fish,  or  collection  of  fishes,  before  and  after  subject- 
ing them  to  the  efiFects  of  given  solutions.  A  careful  technique  was 
employed  here,  and  abundant  control  experiments  were  performed. 

4.  Changes  in  the  salt  content,  or,  more  strictly,  of  the  chlorine 
content,  of  the  body,  were  determined  by  the  ordinary  methods  of 
incineration  and  titration. 

As  r^ards  changes  of  weight  and  of  salt  content,  I  cannot  do  better 
than  to  quote  from  my  summary  contained  in  a  former  paper: 

1.  Measurable  changes  in  weight  result  only  from  considerable 
changes  in  the  surroundmg  water,  but  — 

2.  Not  all  such  changes  of  density  suffice  to  produce  changes  of 
weight,  even  when  the  fish  is  transferred  to  a  medium  which  is  known 
to  be  strongly  hypertonic  or  hypotonic  to  its  own  body  fluids. 

3.  Changes  in  the  salinity  of  the  water  may  or  may  not  result  in 
changes  in  the  salt  content  of  the  body. 

4.  Changes  in  the  bodily  salt  content  may  or  may  not  be  accom- 
panied by  changes  in  weight. 

5.  Neither  3ie  changes  in  weight  nor  in  salt  content  are  at  all 
proportional  to  the  changes  in  the  density  of  the  external  medium. 

It  is  obvious,  then,  on  the  one  hand  that  water  may  enter  or  leave 
the  body  osmotically,  on  the  other  that  salts  may  diffuse  through 
certain  membranes  of  the  body  in  either  direction.  Experiments 
which  I  have  performed  upon  fishes  of  several  species  show  that  it 
is  the  membrane  covering  the  gilb  that  is  chiefly  concerned  in  these 
exchanges.  To  determine  this  fact  a  contrivance  was  constructed 
which  made  it  possible  to  pass  water  of  one  sort  through  the  gills, 
while  water  of  another  sort  bathed  the  body.  It  was  the  former 
stream  which  was  effective  in  causing  death  or  in  bringing  about 
changes  of  weight,  while  the  latter  had  no  evident  effect,  within  the 
period  of  the  experiment.  The  claim  that  the  general  surface  of 
the  body  becomes  osmotically  permeable  upon  removal  of  the  scales 
I  find  to  be  unfounded. 

The  question  of  the  manner  in  which  these  chemical  and  osmotic 
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changes  bring  about  the  death  of  the  fish  is  not  an  easy  one  to  solve. 
Indeed,  a  complete  solution  would  perhaps  necessitate  a  careful 
study  of  every  organ  and  tissue  of  the  body.  Certain  investigatws 
have  maintained  that  the  fatal  effect  of  the  abnormal  medium  was, 
for  the  most  part,  a  grossly  mechanical  one.  The  French  physiologist, 
Paul  Bert,  for  example,  held  that  the  gill  capillaries  of  fresh  water 
fishes  became  constricted  under  the  influence  of  salt  water,  and  that 
the  blood  corpuscles,  themselves  distorted  by  its  action,  plugged  up 
the  former  to  the  point  of  arresting  the  branchial  circulation.  Death 
was  thus,  in  a  sense,  due  to  asphyxiation.  Mosso  proposed  this 
same  theory  in  explanation  of  the  fatal  effects  of  fresh  water  upon 
a  salt  water  fish,  the  shark  Scyllium.  He  performed  the  experiment 
of  injecting  a  salt  solution,  or  a  mixture  of  serum  and  salt  solution, 
through  the  circulatory  system  of  one  of  these  fishes  which  had 
succumbed  to  the  effects  of  fresh  water.  This  solution,  he  said, 
could  not  be  forced  through  the  gills,  even  with  a  pressure  of  L5 
metres.  In  control  animals,  very  little  pressure  suflBced.  These 
fishes,  accordingly,  "die  from  suffocation,  since  many  red  corpus- 
cles disintegrate  and,  through  a  sort  of  coagulation,  stop  up  the 
vessels  of  tibe  gills."  The  blood  serum,  he  states,  remains  almost 
normal. 

Mr.  D.  W.  Davis,  scientific  assistant  in  the  Fisheries  Labora- 
tory at  Woods  Hole,  has,  at  my  suggestion,  recently  repeated  these 
experiments  of  Mosso's,  as  well  as  performed  similar  ones  upon 
teleost  fishes.  While  these  experiments  are  not  yet  completed,  the 
following  facts  afford  strong,  if  not  conclusive,  evidence  against 
Mosso's  view.  Rve  specimens  of  our  conmion  small  shark,  or  "dog- 
fish," Mustdus  canis,  were  injected  with  physiological  salt  solution 
through  a  canula  inserted  in  the  conus  arteriosus.  The  pressure 
was  derived  from  a  column  of  the  liquid  contained  in  a  burette, 
and  the  rate  of  flow  accurately  determined.  The  elevation  of  this 
column  was  about  1.5  metres.  Three  of  the  fishes  had  been  killed 
by  inmiersion  in  a  tank  of  running  fresh  water;  the  other  two  were 
taken  directly  from  salt  water,  being  in  perfect  health  until  the  body 
was  cut  transversely  across  a  short  distance  behind  the  heart  (The 
fresh  water  lot  were  similarly  cut.)  The  average  time  required  for 
the  passage  of  50  cc.  of  the  salt  solution  was  not  over  1|  minutes  in 
the  specimens  killed  in  fresh  water,  while  it  was  about  5  minutes 
in  the  others.    The  figures  individually  are:  — 

Fresh  water. 

(1)  68  seconds. 

(2)  52  seconds. 

(3)  less  than  2  minutes  (perhaps  much  less). 
Soli  water. 

(1)  4  minutes  (only  45  cc.  passed). 

(2)  5  minutes,  37  seconds. 
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Thus,  far  from  there  being  a  clogging  or  obstruction  of  the 
branchial  circulation,  there  appears  to  have  resulted  an  increased 
permeability  of  the  branchial  capillaries/ 

The  same  result  was  obtained  with  a  teleost  fish,  the  scup.  The 
average  rate  of  flow  for  tVo  normal  fishes  was  10  cc.  in  about  7 
minutes,  at  a  pressure  of  55  cm. ;  while  for  two  fishes  dying  in  fresh 
water,  the  mean  was  4^  minutes.  With  Fundvlus  heteroclitus,  while 
the  evidence  is  so  far  insufficient,  it  appears  that  the  flow  is  as  fast 
or  faster  in  the  fishes  dying  in  fresh  water. 

It  would  seem,  accordin^y,  that  the  death  of  salt  water  fishes  in 
fresh  water  is  not  due  to  any  mere  mechanical  clogging  up  of  the 
gill  capillaries.  My  rather  extensive  series  of  chlorine  determina- 
tions point  to  the  conclusion  that  one  factor  in  the  death  of  these 
fishes  is  the  extraction  from  their  tissues  of  an  amount  of  salts  suffi- 
cient to  reduce  the  percentage  below  a  certain  necessary  minimum. 
On  the  other  hand,  osmotic  absorption  of  water  and  consequent 
dilution  of  the  blood  and  hydration  of  the  tissues  is  doubtless  one 
factor.  G.  G.  Scott,  of  the  staflf  of  the  Fisheries  Laboratory  at  Woods 
Hole,  has  lately  made  a  considerable  series  of  determinations  both 
with  the  hemacytometer  and  with  the  Beckmann  thermometer, 
and  his  observations  seem  to  show  that  the  blood  of  certain  fishes 
undergoes  a  quite  measurable  dilution  when  the  animab  are  placed 
in  fresh  water. 

The  blood  serum  of  marine  fishes,  according  to  the  cryoscopic 
results  of  various  authors,  is  far  from  being  isosmotic  with  ordinary 
sea-water,  but  has  a  molecular  concentration  equal  to  about  one 
half  of  the  latter.  It  b  evident  therefore  that  under  ordinary  circum- 
stances, the  limiting  membrane  of  the  gilb  prevents  the  inner  and 
the  outer  fluids  from  attaining  osmotic  equilibrium.  If  the  fish  is 
subjected  to  a  considerable  change  in  the  density  of  the  surround- 
ing medium,  the  resistance  of  this  membrane  may  be  overcome, 
and  an  absorption  or  a  loss  of  water  may  occur,  as  is  shown  by  care- 
ful weighing.  The  resistance  of  this  membrane  may  likewise  be 
overcome  by  various  toxic  influences.  Minute  quantities  of  certain 
poisons,  as  I  have  recently  shown,  may  prove  more  fatal  in  fresh 
water  tlian  in  diluted  sea-water  of  certain  strengths,  and  this  even  to 
fresh  water  fishes.  This  may  be  due  to  the  great  difference  in  osmotic 
pressure  between  the  fresh  water  and  the  blood  of  the  fish,  death 
resulting  in  large  measure  from  the  absorption  of  -water.  Fresh 
water  iteslf  seems  to  have  a  toxic  effect  upon  the.  limiting  membranes 
of  most  salt  water  fishes,  and  the  resistance  to  an  osmotic  influx  of 
water  is  thereby  broken  down.    This  toxic  effect  may  be  annulled, 

'  It  must  here  be  recalled  that  the  greater  part  of  the  svstemic  vessels 
had  been  removed.  This  increased  conductivity  of  the  branchial  vessels  in  the 
fishes  dying  in  fresh  water  —  if  indeed  it  prove  to  be  the  rule  —  may  perhaps  be 
explained  as  due  to  an  atonic  condition  of  their  muscular  walls. 
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as  has  already  been  pointed  out,  by  the  admixture  of  a  very  small 
proportion  of  sea-water,  a  proportion  so  slight  as  not  appreciably  to 
afiFect  the  osmotic  pressure  of  the  liquid,  and  quite  insignificant  in 
comparison  with  the  concentration  of  salts  in  the  blood.  An  absorp- 
tion of  water  does,  it  is  true,  take  place  in  such  a  dilute  medium,  but 
it  occurs  within  strictly  physiological  limits,  while  in  fresh  water  the 
fish  sooner  or  later  becomes  water-soaked. 

To  the  cause  of  the  death  of  fresh  water  fishes  in  salt  water  I 
have  given  far  less  attention.  Weight  determinations  show  that  a 
very  considerable  loss  of  weight  may  occur  before  death.  Whether 
or  not  the  salt  content  of  the  body  undergoes  an  increase  beyond 
that  which  follows  from  the  loss  of  water,  I  cannot  say.  I  have, 
however,  been  able  to  show  a  higher  concentration  of  the  salts  in 
the  flesh  of  the  marine  fish  Fundtdus  heterocliliis  after  keeping  it  in 
a  concentrated  sea-water.* 

*  Most  of  the  results  here  discussed  have  been  presented  at  greater  length 
in  the  Biological  BtdUUn,  May,  1906:  BvUetin  of  the  Bureau  of  Fieheriea  for  1905 
(published  1906),  and  in  the  American  Journal  of  Physiology,  June,  1907. 
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CYTOLOGY  AND  TAXONOMY » 

(Addbxbb) 
C.  E.  McCLUNG 

There  are  certain  large  problems  in  the  domain  of  biology  that 
confronted  the  earliest  investigators,  and  these  have  been  handed 
down  from  one  generation  of  scientists  to  another.  As  new  and  more 
restricted  departments  separated  themselves  from  the  older  and  more 
general  ones  they  carried  with  them  these  same  problems,  toward 
the  solution  of  which  they  applied  their  own  special  methods,  giving 
them  at  the  same  time  sometlung  of  their  own  bias.  Very  prominent 
among  these  great  questions,  and,  in  a  measure,  at  least,  embracing 
them  all,  are  those  which  concern  the  relation  of  organisms  to  each 
other,  and  the  processes  of  development  in  the  individual  organism. 

To  the  youngest  of  the  biological  sciences  have  descended  these 
heritages  of  the  scientific  ages,  and  now  we  hear  it  from  many  sources 
that  all  biological  problems  are  to-day  problems  of  the  cell.  Clearly 
enough  it  has  been  recognized  that  cytology  might  have  much  to  say 
regarding  the  mechanism  of  ontogenetic  growth,  but  less  definitely, 
and  only  more  recently,  has  a  conception  of  what  it  might  do  for 
phylogeny  arisen  in  the  minds  of  biologists.  It  was  with  the  thought 
of  these  two  functions  of  cytology  in  mind  that  I  chose  the  somewhat 
indefinite  title  for  this  paper.  I  cannot  but  believe  that  cytology  will 
honorably  fulfil  the  obli^tions  that  science  has  placed  upon  it,  and 
I  feel  that  it  is  indeed  a  privilege  to  stand  before  you  and  call  to  your 
attention  what  our  young  department  has  already  been  able  to  accom- 
plish, and  to  suggest  possibilities  for  further  usefulness. 

It  is  with  no  desire  to  magnify  my  own  humble  part  in  the  attack 
upon  these  problems  that  I  make  mention  of  the  manner  in  which  they 
have  presented  themselves  to  me.  I  have  thought  that  by  means  of 
a  concrete  example  I  might  perhaps  more  clearly  exhibit  the  grounds 
for  my  theoretical  beliefs  and  the  reasons  for  the  faith  that  is  within 
me.    I  shall  therefore  first  indicate  the  main  features  of  parallelism 
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between  germ-cell  structure  and  taxonomic  relations  that  have  ap> 
peared  from  investigations  upon  certain  orthopteran  species  and  then 
attempt  explanations  of  the  causal  connections  between  the  two  sets 
of  phenomena  in  the  light  of  our  present  general  knowledge. 

From  the  study  of  a  large  number  of  saltatorial  orthopteran  species 
it  appeared  that  the  normal  numbers  of  chromosomes  in  the  males 
fell,  in  general,  into  two  groups  of  twenty-three  and  thirty-three 
respectively.  To  a  cytologist  this  was  a  very  suggestive  fact,  for  it 
indicated  a  precision  in  the  organization  of  cells  t£at  was  in  advance 
of  anything  that  had  before  been  imagined.  It  was  doubly  interest- 
ing to  note  the  opinions  of  orthopteran  taxonomists  with  regard  to 
the  relationships  of  these  species  and  to  discover  that  they  had  segre- 
gated them  into  definite  corresponding  groups  which  are  called  "fami- 
lies." Merely  as  the  result  of  the  study  I  had  made  of  the  germ-cells, 
I  would  have  classified  these  insects  into  two  groups,  one  having  a 
complex  of  twenty-three  chromosomes  and  the  other  of  thirty-three. 
On  the  other  hand,  many  taxonomists,  from  careful  and  minute  ex- 
amination of  the  external  anatomy  of  these  same  species,  had  agreed 
in  placing  them  into  family  groups,  which  they  call  the  "Acridid»'* 
and  "Locustidae."  Now,  these  families  are  clearly  distinguished 
apart  by  ordinary  taxonomic  features,  and  to  speak  of  the  "short- 
horned"  and  "long-homed"  grasshoppers  is  to  summon  before  the 
mind  of  one  acquainted  with  the  animals  very  definite  types  of  struc- 
ture. And  yet  the  distinction  between  these  insect  families  is  no  more 
apparent  to  me  from  an  inspection  of  the  gross  anatomy  than  it  is 
from  a  study  of  the  germ-cells.  The  possession  of  a  complex  of 
twenty-three  chromosomes  is  just  as  typical  an  acridian  character 
as  is  that  of  short  antennse.  I  do  not  regard  it  any  argument  against 
this  cytological  means  of  discrimination  to  learn  that  other  than 
acridian  organisms  have  twenty-three  chromosomes,  for  so  do  other 
animab  have  short  antennse. 

Certainly,  it  would  seem,  we  have  here  an  indication  of  the 
great  precision  in  organization  so  long  inferred  for  the  germ-cells. 
Were  our  knowledge  more  extensive  we  should  doubtless  see  yet 
further  evidences  of  this  —  and  certainly  it  is  our  duty  to  seek  them 
out  —  but  for  the  present  we  must  make  use  of  this  suggestive  fact 
and  learn  from  it  what  we  may.  The  most  important  conclusion  that 
can  be  drawn  is  that  these  chromosomes  are  primary  factors  in  the 
mechanism  of  development,  for  no  other  structures  of  the  cell  exhibit 
any  such  constancy  and  definiteness  of  organization  to  parallel  the 
structural  differences  of  the  resulting  animals.  Since  they  occur  in 
the  same  number  throughout  the  family,  and  since  the  end  result  of 
their  changes  is  essentially  the  same  in  every  case,  they  must  be  indi- 
vidually alike  in  each  complex.  Further,  it  may  be  concluded  that 
always  their  functions  for  any  given  period  in  ontogenesis  are  the 
same.    With  this  as  a  beginning  it  becomes  a  reasonable  hope  that 
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we  may  attempt  an  analysis  of  the  processes  of  organic  development 
by  associating  modifications  of  the  acridian  type  of  body  with  varia- 
tions in  the  chromosome  complex  of  their  germ-cells.  In  other  words, 
the  task  of  the  cytologist  engaged  in  the  study  of  this  group  is  to  learn 
the  history  of  the  individual  chromosomes  and  to  associate  this  knowl- 
edge with  what  is  known  regarding  the  development  of  somatic 
structures. 

This  is  obviously  no  light  task,  but,  on  the  other  hand,  I  do  not 
consider  it  an  impossible  one.  Fortunately,  the  chromosomes  of 
different  species  have  individual  peculiarities  in  size,  shape  and  be- 
havior that  make  it  possible  to  identify  many  of  them  without  diflB- 
culty.  Whether  it  will  be  possible  to  homologise  them  throughout 
the  family  is  not,  of  course,  nearly  so  certain.  Such  an  extensive  and 
thoroughgoing  attack  upon  the  problem  may,  however,  not  be  entirely 
necessary.  It  may  be  sufficient  to  attempt  an  analysis  of  a  more 
limited  group  than  the  family.  In  that  hope  a  great  many  genera 
have  been  studied  in  order  to  find  striking  peculiarities  that  might 
assist  in  the  establishment  of  relationships  between  chromosomes  and 
somatic  characters.  The  work  has  thus,  for  a  time,  been  narrowed 
down  to  a  few  forms;  and  since  my  desire  in  this  paper  is  not  to  give 
detailed  results,  but  rather  to  point  out  the  direction  in  which,  I 
believe,  work  of  this  character  should  proceed,  and  to  indicate  the 
essential  nature  of  my  conclusions,  I  will  briefly  describe  the  condi- 
tions of  the  investigation  at  the  present  time. 

Students  of  the  Orthoptera  have  divided  the  family  Acrididae  into 
nine  subfamilies,  of  which  only  four  are  found  in  the  United  States. 
Material  from  these  four  has  been  studied,  and  I  feel  convinced  that 
one.  of  these  subfamilies  should  be  removed  from  the  group.  The 
other  three  are  manifestly  related,  and  so  closely  do  two  of  them  grade 
together  that  there  is  much  dispute  as  to  the  disposition  of  certain 
genera.  The  third  subfamily  is  definitely  marked,  and  it  is  sufficient 
for  the  systematbt  to  find  a  distinct  spine  on  the  prostemum  of  an 
acridian  in  order  to  place  it  in  the  subfamily  Acridiinse.  Within  this 
division  of  the  family  there  are  a  large  number  of  subgroups,  the 
principal  one  being  the  Melanopli.  This  includes  many  extensive 
genera,  of  which  one,  Melanoplus,  contains  over  120  species  in  the 
United  States.  Another  genus  of  this  group,  Hesperotettix,  is  of  wide 
distribution  but  embraces  only  seven  species.  Of  these  latter  I  have 
studied  three  and  they  seem  to  be  plainly  marked  in  their  body 
characters.  I  have  thought  that,  by  selecting  a  variable  genus  and 
another  of  the  same  group  that  is  more  stable,  it  might  be  possible 
to  determine  the  general  nature  of  the  changes  associated  with  vari- 
ability. Both  of  these  lines  of  investigation  are  being  pursued,  but 
it  seemed  best  to  consider  first  the  nature  of  the  less  variable  form, 
particularly  since  there  is  one  chromosome  that  can  definitely  be 
identified  throughout  the  genus. 
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This  latter  circumstance  I  consider  extremely  fortunate,  for  the 
occurrence  of  the  same  number  of  chromosomes  within  the  family 
raises  the  presumption  that  they  are  serially  homologous  almost  to 
a  certainty;  the  discovery  of  the  same  element  in  three  species  of  a 
certain  genus  amounts  to  a  positive  proof  of  this  fact.  Particularly 
is  this  true  when  it  is  understood  that  the  homologous  elements  really 
represent  two  of  the  chromosome  complex.  With  this  definite  structure 
indubitably  marked  in  the  different  species,  I  felt  that  I  had  opened 
up  before  me  an  opportunity  of  unusual  promise,  but  one  which 
would  require  long  and  tedious  labor  for  its  development.  I  regret 
that  more  has  not  been  accomplished,  but  what  has  been  done  is 
suflScient  to  indicate  the  fruitfulness  of  the  investigation. 

Briefly,  then,  we  may  note  that,  so  far  as  our  observations  have 
gone,  all  the  species  of  the  genus  Hesperotettix  have  within  their  first 
spermatocytes  a  multiple  chromosome,  a  hexad,  consisting  of  the 
accessory  chromosome  and  one  of  the  tetrads.  This  is  a  generic 
character,  one  of  those  that  serve  to  distinguish  the  group  that  tax- 
onomists  have  called  Hesperotettix  from  other  members  of  the  family 
Acrididae.  With  my  present  knowledge  I  would  feel  safe,  if  I  found 
an  acridian  cell  containing  such  an  element,  in  ascribing  its  source 
to  the  genus  Hesperotettix.  I  should  have  as  little  doubt  regarding 
its  distinctive  character  as  I  should  have  regarding  that  of  the  animal 
from  which  it  came.  So  far  as  I  have  been  able  to  see,  there  is  no 
other  character  of  the  cell  that  would  distinguish  this  genus  from  the 
remaining  ones  of  the  Acrididse. 

Then  it  became  necessary  to  see  if  there  were  peculiarities  that 
bore  any  constant  relation  to  body  characters  of  specific  value.  It 
was  most  interesting  to  find  that  the  multiple  chromosome,  so  constant 
a  generic  character,  should  exhibit  just  as  constantly  minor  modi- 
fications of  size  and  proportion  in  the  diflferent  species.  This  partic- 
ular chromatic  element  therefore  signifies  to  my  mind  as  definite  an 
integration  of  substance  as  does  the  adult  animal  which  contained  it. 
The  differences  between  the  same  element  in  the  three  forms  of  Hes- 
perotettix studied  are  just  as  specific  as  any  that  might  be  chosen 
from  somatic  characters.  It  would  perhaps  be  well  to  say  that  I 
have  made  most  careful  comparisons  in  the  size  of  these  chromosomes, 
and  it  is  very  remarkable  to  find  the  extremely  close  concordance  that 
exists  within  the  species.  If  this  is  true  of  the  fixed  material  which 
has  been  subject^  to  all  the  violent  processes  incident  to  the  prep- 
aration of  slides,  how  much  more  true  it  must  be  for  the  Uving 
object. 

There  are  thus  within  the  germ-cells  of  these  animals  certain 
structures  that  show  specific,  generic,  and  family  characters  in  just  as 
pronounced  a  manner  as  do  the  completed  organisms  wherein  they 
are  found.  It  is  therefore  desirable  to  know  what  corroboration  we 
have  from  the  study  of  other  organisms  for  our  belief  in  the  great 
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importance  of  the  chromosomes.  I  would  ask  you,  therefore,  to 
review  with  me  very  briefly  a  series  of  facts  which  C3rtology,  nonnal 
and  experimental,  has  brought  forth  in  support  of  the  idea  that  the 
chromatin  is  the  guiding  and  controlling  element  in  development, 
and  that  the  chromosomes  represent  definite  centers  of  influence. 

In  the  first  place,  organisms  without  chromatin  do  not  exist,  and 
when  the  nucleus  is  removed  from  an  individual  the  normal  functions 
cease.  The  necessity  of  the  chromatin  in  the  economy  of  the  cell  is 
thus  proved.  Next  we  may  note  that  the  integration  of  the  chromatin 
is  always  into  a  definite  number  of  chromosomes  in  the  individual,  in 
the  species,  and  sometimes  in  an  entire  family.  From  this  the  pre- 
cision of  organization  inherent  in  the  chromatin  may  be  inferred. 
Again,  throu^out  all  the  complications  of  the  mitotic  division  every 
eflfort  is  apparently  put  forth  by  the  cell  to  secure  an  accurate  division 
of  the  chromatin.  This  suggests  the  primary  importance  of  the  chro- 
matin and  hints  strongly  of  differential  organization. 

If  now  we  turn  from  cells  in  general  to  the  special  category  of 
germ-cells  we  find  very  much  more  evidence  for  our  belief  that  the 
chromosomes  are  the  determinants  of  characters  and  that  they  are 
qualitatively  different.  From  this  source  we  learn  that  normally,  for 
the  production  of  a  new  organism,  two  cells  are  required,  and  that 
the  only  feature  of  equivalence  between  them  is  in  flie  chromosome 
complex,  which  in  each  case  is  a  duplicate  of  the  other.  Not  only 
are  these  morphologically  equivalent  groups  of  chromosomes,  but 
they  are  also  physiologically  equal,  for  either  complex  alone  may 
condition  development  in  the  same  way,  as  is  shown  by  parthenogene- 
sis and  merogony.  Further  evidence  of  this  independence  and  equi- 
valence of  the  chromosomes  is  furnished  by  the  history  of  the  cells 
of  which  they  are  a  part,  for  step  by  step  they  go  through  the  same 
preparation  of  maturation,  and  the  particulars  wherein  they  show 
resemblances  are  always  those  of  chromosome  behavior,  no  matter 
how  much  the  other  elements  of  the  cell  may  differ. 

While  either  the  paternal  or  maternal  chromosome  complex  in  a 
cell  is  suflBcient  to  condition  the  development  of  all  the  characters 
of  the  organism,  the  absence  of  any  one  chromosome  of  the  group 
results  in  the  non-development  of  some  body  characters.  Such,  at 
least,  seems  to  be  the  conclusion  that  must  be  drawn  from  the  work 
upon  polyspermized  eggs.  It  therefore  appears  very  probable  that 
the  chromosomes  are  qualitatively  different.  Very  strong  additional 
evidence  to  support  the  view  that  the  chromosomes  are  qualitatively 
different,  and  a  duplicate  series  when  present  in  the  normal  number, 
is  afforded  by  the  parallelism  between  the  behavior  of  the  chromo- 
somes in  maturation  and  fertilization,  and  the  segregation  of  Men- 
delian  characters  in  hybrids. 

Let  it  be  granted  from  the  facts  adduced  that  the  chromosomes 
are  the  controlling  factors  in  development,  then  how  can  we  explain 
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their  action,  how  correlate  them  individually  with  the  somatic  char- 
acter and  how  explain  their  differences  in  the  formation  of  body-cells 
and  germ-cells  from  the  same  fertilized  egg?  Here  we  have  the  prob- 
lem of  heredity  stated  in  c3rtological  terms,  and  any  theory  offered  in 
explanation  must  conform  itself  to  the  known  facts.  I  am  of  the  opinion 
that  in  our  work  upon  the  classification  of  organisms  we  have  been 
much  inclined  to  r^ard  only  the  end  stage  of  the  process  of  develop- 
ment. A  starfish  has  not  been  for  us  a  starfish  until  it  has  acquired 
its  radial  synmietry  and  its  adult  organs.  I  believe  that  in  this  we  are 
mistaken.  The  e^  of  the  starfish  performs  its  functions  in  just  as 
specific  a  manner,  and  differs  from  the  egg  of  a  sea-urchin  as  truly, 
as  do  these  same  organisms  differ  after  a  few  weeks  of  development 
We  must  realize  that  an  organism  functions  from  its  very  beginning 
and  that  it  does  this  differently  from  any  other  individual.  We  may 
not  now  be  able  to  perceive  these  differences  of  individuals  in  the 
one-celled  condition  so  clearly  as  we  do  when  they  are  many-celled, 
but  this  is  due  to  our  lack  of  knowledge  and  not  to  the  absence  of 
variation.  That  one  cell  is  suflBcient  for  the  identification  of  the 
species  is  clear  enough  from  my  study  of  Hesperotettix  and  other 
Orthoptera. 

We  must  indeed  recognize  that  organisms  are  specifically  different 
throughout  their  ontogeny,  and  that  they  exhibit  the  functions  of  pro- 
toplasm specifically  in  every  case  —  not  one  function,  but  all  of  them. 
It  would  accordingly  be  as  difiScult  to  add  sex  to  an  animal  at  some 
late  stage  of  development  as  it  would  be  for  the  egg  starfish  to  change 
into  an  adult  sea-urchin.  The  organization  is  inherent  in  the  individ- 
ual from  the  beginning;  its  method  of  expression  differs,  however, 
from  stage  to  stage.  Therefore  we  must  conclude  that  the  parts  of 
the  whole  also  differ  progressively.  Perception,  movement,  meta- 
bolism and  reproduction  are  functions  of  the  one  cell  just  as  truly  as 
they  are  of  the  multitude  of  celb  that  results  from  its  division. 

If  chromosomes  are  centers  of  influence  governing  always  the 
manifestation  of  specific  energies,  then  they  must  at  every 'stage  of 
development,  both  ontogenetic  and  phylogenetic,  exhibit  the  same 
properties.  In  so  doing  they  show  themselves  subject  to  the  same 
laws  of  change  that  obtain  in  the  differentiation  of  cells,  for  the  nature 
and  extent  of  their  influence  vary  progressively.  I  think  it  is  reason- 
able to  conclude  thus,  for,  if  our  assumption  regarding  the  sex- 
determining  nature  of  the  accessory  chromosome  be  correct,  this  is 
just  what  we  find  to  be  true  regarding  the  development  of  the  sexual 
characteristics  which  are  inherent  in  every  cell  of  the  body,  and  become 
progressively  different  in  each  state  of  development. 

It  is  hawlly  necessary  to  say  that  no  true  student  of  cellular  phe- 
nomena regards  the  chromosomes  as  the  only  factor  in  development 
They  play  their  part  in  the  economy  of  the  cell  and  accomplish  their 
work  solely  because  they  exist  under  certain  conditions.    They  ap- 
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pear  to  us  as  more  definite  and  constant  features  of  cell  architecture 
than  any  others,  and  in  their  behavior  exhibit  such  indications  of 
initiative  and  importance  as  to  lead  to  the  belief  that  theirs  is  a  direc- 
tive action.  Differentiation  is  regarded  as  a  progressively  changing 
series  of  interactions  between  the  chromosomes  and  other  parts  of 
the  cell,  of  such  a  nature  that  the  nucleus  initiates  changes  which  are 
limited  by  the  conditions  of  the  cytoplasm. 

In  order  that  we  may  gain  some  idea  of  the  possible  nature  of 
these  interactions,  I  would  ask  you  to  consider  with  me  certain  phe- 
nomena that  are  observable  in  the  development  of  the  male  germ- 
celb.  Studies  on  spermatogenesis  usually  begin  with  a  consideration 
of  the  spermatogonia,  since  these  are  the  first  cells  found  in  a  definite 
sexual  organ,  but  there  is  little  doubt  that  these  are  the  last  of  a  line 
of  pure  germ-cells  that  have  been  set  off  early  in  the  embryonic  history. 
These  spermatogonia  have  the  paternal  and  maternal  chromosomes 
present  in  the  same  relations  as  exist  at  the  time  of  fertilization.  They 
divide  rapidly  and  continuously  until  they  become  much  decreased 
in  size  and  almost  the  entire  cell  is  nucleus.  The  cytoplasm  is  reduced 
to  a  minimum,  but  the  nucleus,  at  least  so  far  as  the  chromosomes  are 
concerned,  has  not  been  much  altered.  In  the  grasshoppers,  I  feel 
convinced  that  the  number  of  these  divisions  is,  for  each  species,  a 
constant.  The  reduction  of  the  cytoplasm  does  not  go  beyond  a 
certain  point,  and  the  process  is  self-limiting. 

At  this  point  conditions  change.  The  members  of  the  chromo- 
some group,  instead  of  remaining  separate,  as  heretofore,  unite  in 
pairs,  the  components  of  which  are  size  equivalents,  and  in  all  prob- 
ability functional  equivalents,  from  the  two  parents.  Thi»  step  is 
one  toward  which  the  chromosomes  seem  to  have  been  tending  dur- 
ing the  later  spermatogonial  divisions,  and  one  which  certain  elements 
anticipate  in  some  species.  There  is  every  reason  to  suppose  that 
this  synapsis  is  a  union  of  homologous  elements,  and  is  the  consum- 
mation of  the  fertilization  process,  initiated  by  the  union  of  the  sper- 
matozoon and  the  ovum  and  rendered  more  intimate  by  the  fusion 
of  the  nuclei.  There  is  not  entire  agreement  among  observers  regard- 
ing the  exact  time  of  the  synapsis  of  the  chromosomes,  but  it  is  always 
described  as  occurring  between  the  last  spermatogonial  division  and 
the  first  spermatocyte  mitosis.  In  the  grasshopper  it  is  the  final  act 
of  the  spermatogonial  chromosomes,  and  precedes  the  chants  of  the 
growth  period.    I  am  inclined  to  beheve  that  it  necessarily  does  so. 

This  act  of  synapsis  is  one  that  occurs  only  in  the  germ-cells,  and 
to  me  it  has  always  seemed  of  the  utmost  importance.  Let  us  consider 
the  conditions  oiF  the  process  a  little  more  fully,  and  see  if  some- 
thing of  value  may  not  be  gained  in  our  search  for  the  cause  of  differ- 
entiation. The  primordial  germ-cells  have  been  more  or  less  intimately 
a  part  of  the  lx)dv.  Their  double  sets  of  chromosomes  have  been 
functioning  individually,  if  not  even  antagonistically,  and  have  built 
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up  cell-bodies  of  considerable  size.  These  early  genn-cells  are  then 
gathered  together  in  a  single  place  and  are  thereupon  removed  from 
so  intimate  relations  with  the  somatic  celb.  Under  these  conditions, 
as  we  have  noticed,  they  reproduce  rapidly  with  constant  decrease  in 
the  amount  of  cytoplasm  and  end  up  with  cells  almost  entirely  nuclear 
in  proportion  and  strongly  chromatic.  Here  division  ceases  and  the 
opposing  paternal  and  maternal  chromosomes,  their  cytoplasmic 
environment  practically  gone,  unite  together  in  synapsis. 

Conditions  are  evidently  ripe  for  a  change.  The  change  becomes 
apparent  in  an  altered  behavior  of  the  cell,  which,  no  longer  expend- 
ing its  energies  in  reproduction,  grows  enormously  both  in  nucleus 
and  cytosome.  Reproduction  has  given  place  to  constructive  meta- 
bolism. This  is,  however,  such  a  metabolism  as  finds  expression 
nowhere  else  in  the  life-cycle  of  organisms.  Morphologically,  at 
least,  it  accompanies  a  condition  in  which  the  paternal  and  maternal 
chromosomes  are  reduced  to  common  units.  Physiologically,  I  be- 
lieve, it  is  a  state  wherein  the  chromosomes,  having  passed  through 
many  generations  of  cells  in  a  cytoplasmic  environment  peculiar  to 
the  particular  organism  of  which  they  are  members,  and  having  pos- 
sibly exhausted  the  metabolic  resources  of  these  conditions,  unite 
their  common  energies  and  construct  a  new  cytoplasm.  The  extent 
of  this  growth  varies  with  the  species,  but  in  every  case  is  consider 
able,  and  is  accompanied,  or  rather  preceded,  by  a  corresponding 
nuclear  enlargement.  This  growth  in  the  case  of  the  ovum  is  much 
more  extensive,  including  the  formation  of  all  the  varieties  of  diflFei^ 
entiated  "stuffs,"  but  takes  place  under  similar  conditions.  In  both 
sexes  this  unique  state  of  the  cell  is  terminated  by  two  mitoses,  one 
of  which  witnesses  the  separation  of  the  paired  homologous  chro- 
mosomes and  their  distribution  into  different  cells.  This,  in  reality, 
b  the  beginning  of  a  new  individual,  for  here  are  new  conditions 
throughout  the  cell.  It  seems  possible  to  me,  in  the  light  of  our  present 
knowledge  of  animal  development,  to  gain  some  idea  of  the  general 
nature  of  the  phenomena  involved  in  maturation  and  fertilization, 
and  to  grasp  something  of  the  meaning  of  the  cell  changes  that  take 
place  at  these  periods.  Clearly  enough,  in  maturation  there  is  a 
separation  of  chromosomes  and  in  fertilization  a  restoration  to  the 
normal  number.  These  alternately  joined  and  separated  chromosome 
groups  are  of  different  sexual  origin  and  distribution,  but  are  them- 
selves without  sexual  characters,  for  in  one  generation  they  may  be 
in  a  male  organism  and  in  the  next  in  a  female. 

But  when  we  have  recorded  these  important  facts  we  have  by  no 
means  exhausted  our  knowledge  of  the  difference  between  the  im- 
mature and  mature  germ-cell.  Much  important  work  has  been  done 
within  recent  years  upon  the  organization  of  the  egg,  and  it  has  been 
clearly  demonstrated  that  this  is  of  a  high  order  of  complexity.  The 
recognition  of  different  "stuffs"  in  the  e^,  and  the  discovery  that 
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they  are  of  various  organ-forming  powers,  show  most  clearly  that  our 
theories  of  development  must  take  the  cytoplasm  into  due  considera^ 
tion.  Such  a  recognition  awarded  cytoplasmic  locaUzation  leasens  in 
no  measure  the  importance  of  the  chromosomes,  a  fact  that  has  been 
appreciated  by  none  more  clearly  than  by  those  who  are  most  familiar 
with  egg  organization.  Experimentally  it  has  been  proved  that  these 
particular  materials  are  able  to  develop  the  earlier  stages  of  the  em- 
bryo without  cell  formation  or  nuclear  division ;  and  yet  those  who 
have  most  knowledge  of  such  processes  do  not  minimize  the  impor- 
tance of  the  chromosomes,  even  though  it  may  be  granted  that  the 
cytoplasm  has  much  to  do  with  conditioning  the  early  stages  of  develop- 
ment. Nor  does  the  additional  fact  that  the  final  stages  of  somatic 
differentiation  are  characterized  by  the  pre-eminence  of  the  cytoplasm 
weaken  our  belief  in  the  primary  importance  of  the  chromosomes. 
I  think  that  a  reconciliation  of  the  apparently  contradictory  facts 
of  cytoplasmic  localization  and  chromosome  control  is  not  at  all 
impossible. 

There  is  but  one  time  in  the  history  of  an  organism  when  the 
production  and  arrangement  of  these  specific  materials  occur;  there 
is  but  one  time  when  tiie  biparental  chromosomes  function  in  common 
and  not  as  separate  entities.  These  periods  are  coincident,  and  I 
cannot  escape  the  conviction  that  they  are  related  as  effect  to  cause. 
We  find  the  spermatogonia  and  oogonia  reduced  by  repeated  divi- 
sions to  an  almost  acytoplasmic  condition,  and  at  that  point  discover 
the  chromosomes  pairing  off.  During  a  long  period  of  association, 
in  certain  grasshoppers  extending  through  the  winter  months,  these 
chromosomes  remain  together,  and,  at  the  end,  present  themselves 
to  us  as  members  of  an  entirely  different  cell,  with  a  large,  clear  nu- 
cleus and  ample  cytosome.  In  the  egg  the  contrast  between  stages  is 
even  more  remarkable,  but  here  also  the  nucleus  grows  with  the 
cytoplasm. 

From  these  observations  we  must  conclude  that  if  the  nucleus 
governs  metabolism,  and  many  observations  tell  us  this  is  true,  the 
unusual  condition  of  the  nucleus  is  the  cause  for  the  unusual  growth 
of  the  cytosome.  The  possibilities  for  the  new  growth  are  established 
by  the  unified  activities  of  the  chromosomes  from  the  two  parents,  I 
would  conclude.  But  the  cytoplasmic  growth  is  only  one  aspect  of 
the  change  that  has  been  taking  place  at  this  time.  The  chromosomes 
themselves  have  been  active  participants  in  a  series  of  interactions 
that  leave  them  modified  in  structure  and  function  in  many  cases, 
the  only  exception  being  such  as  govern  Mendelian  characters.  Un- 
doubtedly the  nature  and  amount  of  this  interaction  vary  between 
the  same  chromosomes  in  different  generations,  and  herein  is  the 
cause  of  variation.  Once  the  chromosomes  are  separated  in  matura^ 
tion,  however,  their  character  is  determined  and  they  do  not  again 
alter  in  the  germ  cycle  until  another  synapsis.    I  believe  these  views 
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are  established  by  common  observation.  The  descendants  of  two 
parents  rarely  develop  body  characters  much  alike,  but  now  and  then 
real  twins  appear  and  they  are  strikingly  alike.  The  reasons  for  this 
are  not  far  to  seek,  for  the  twins  are  tiie  product  of  the  same  two 
germ-celb,  while  ordinary  children  are  from  different  cells  in  each 
parent. 

From  the  plant  kingdom  we  may  gain  still  further  evidence  of  the 
same  nature.  Here,  where  vegetative  reproduction  may  be  carried 
on  for  long  periods  of  time,  there  are  forms  that  suffer  practically  no 
variation  at  all  under  thfese  conditions;  but  allow  them  to  propagate 
sexually  and  variation  occurs  as  usual.  In  a  self-fertilized  plant 
the  material  comes  from  one  source  in  both  cases,  but  in  vegetative 
propagation  the  same  double  set  of  chromosomes  reproduces  itself 
constantly  unchanged ;  but  in  sexual  reproduction  there  b  the  inter- 
action of  chromosomes  in  synapsis  and  the  formation  of  a  new  cyto- 
plasin  that  is  lacking  otherwise.  The  fundamental  importance  of  the 
germ-cell  organization  is  thus  indisputably  proved. 

With  the  chromosomes  in  .the  r6le  of  character  determinants,  how 
then  may  we  regard  the  operation  of  the  cell  parts?  We  must,  in 
the  first  place,  I  think,  consider  the  cychcal  character  of  cell  division. 
Nucleus  and  cytosome  are  physically  and  chemically  unlike  structures, 
separated  by  a  thin  membrane.  There  can  be  no  doubt  that  the  ordi- 
nary phenomena  of  osmosis  find  a  place  with  consequent  interchange 
of  materials.  Aftex  a  cell  division  the  cytosome  grows,  the  nucleus 
grows,  and  the  chromatin  doubles  its  volume.  New  material  has 
been  added  and  transformed  into  the  likeness  of  the  old.  Experi- 
ments teach  us  that  the  presence  of  the  nucleus  is  required  for  the 
operation  of  these  changes.  Then  comes  another  mitosis.  The 
nucleus  as  a  discrete  body  disappears  and  its  protoplasm  merges 
with  that  of  the  cytosome.  Thereupon  there  is  formed  the  familiar 
bipolar  figure  and  the  chromosomes  are  accurately  divided  along  a 
plane  established  before  the  breaking  down  of  the  nucleus.  Tliis 
occurs  in  the  spermatogonia,  where  the  cytoplasm  b  reduced  in 
amount  to  such  a  degree  that  so  minute  a  spindle  b  produced  that  it 
can  scarcely  be  dbtingubhed  among  the  chromosomes.  The  divbion 
of  the  chromosomes  b  the  final  effort  of  these  celb.  That  such  a 
process  would  produce  equivalent  daughter-celb  seems  obvious.  A 
similar  occurrence  obtains  in  the  reproduction  of  somatic  celb,  but 
there  is  an  important  difference  between  the  two  categories.  In  the 
divbion  of  the  spermatogonia  there  b  a  constant  increase  of  the  chro- 
matin at  the  expense  of  the  cytoplasm,  resulting  in  celb  a  very  large 
proportion  of  which  individually  is  chromatin,  while  in  somatic  mi-  ^ 
toses  the  cytoplasm  enlarges  disproportionately  to  the  nucleus  and 
its  chromatin.  This  cytomorphosb  seems  to  exhaust  the  possibilities 
of  differential  interchange  between  nucleus  and  cytosome,  and  fixes 
the  character  of  the  cell. 
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In  the  fertilized  egg  the  conditions  are  much  different.  Preced- 
ing the  entrance  of  the  spermatozoon  the  synaptic  chromosomes  have 
operated  in  the  process  of  building  up  both  a  large  nucleus  and  a 
large  cytosome.  At  maturation  most  of  the  nonchromatic  material 
is  discharged  into  the  cytosome,  so  that  upon  their  conjugation  the 
pronuclei  are  probably  equivalent  in  other  respects  aside  from  the 
chromosomes.  It  has  been  shown  that  in  the  early  stages  of  embryo 
formation  there  is  an  actual  contribution  of  chromosomic  material 
to  the  cytoplasm.  That  the  chromosomes  increase  in  size  after  each 
division  by  taking  up  material  from  the  cytoplasm  is  a  common  obser- 
vation. There  is  flius  a  constant  circulation  of  material  through 
nucleus  and  C3rtosome,  and  that,  I  consider,  offers  an  adequate  ex- 
planation of  the  means  of  differentiation,  for  if  the  chromosomes  were 
individually  different  they  would  respond  adaptively  under  the  vary- 
ing conditions  of  development. 

Assuming  this  as  an  explanation  of  the  means  of  differentiation, 
how  can  we  conceive  the  operation  of  the  processes  of  development 
in  relation  to  the  germ-cells,  which  divide  at  the  same  time  as  the 
body-cells  and  yet  suffer  no  differentiation  ?  The  only  observations 
that  would  serve  as  a  key  to  this  problem  would  indicate  that  the  ab- 
sence of  differentiation  is  due  to  the  retention  of  the  entire  chromo- 
some complex  unchanged.  If  differentiation  is  due  to  the  interchange 
of  material  between  the  chromosomes  and  cytoplasm  under  like  con- 
ditions, it  would  naturally  follow  that  the  absence  of  differentiation 
might  result  were  there  no  such  interchange.  The  few  observations 
that  we  have  would  support  this  view.  We  are,  however,  much  in 
need  of  a  thorough  knowledge  of  the  changes  undergone  by  all  the 
cell  elements  during  ontogenetic  development.  We  would  have  a 
much  broader  foundation  for  our  theories  if  we  knew  the  nature  of 
the  chromosome  complex  in  the  various  cells  of  the  body  as  these 
became  differentiated.  It  would  then  perhaps  be  possible  to  say,  with 
more  assurance  than  our  present  scanty  observations  incline  us  to  do, 
that  the  germ-cells  preserve  the  chromosome  complex  unaltered,  while 
it  becomes  progressively  and  variously  changed  during  histogenesis. 

It  is  very  clear  that  we  cannot  look  to  any  variation  in  the  opera- 
tion of  mitosis  as  a  cause  for  somatic  differentiation,  since  our  ob- 
servations indicate  that  the  process  b  designed  to  produce  exact 
chromosome  equivalents.  If  the  chromosomes  are  the  controlling 
centers  of  differentiation,  then  the  only  conception  of  their  action  that 
we  can  entertain  is  that  they  bear  definite  and  progressively  differ- 
ent relations  to  their  cytoplasmic  environment.  Differentiation,  we 
should  therefore  be  incUned  to  say,  is  due  to  a  series  of  adjustments 
between  two  constantly  varying  and  interdependent  structures,  nu- 
cleus and  cytosome,  with  the  chromosomes  acting  as  the  measure  of 
their  interaction. 

There  has  been  in  reality  but  one  thing  postulated  as  a  basis  for 
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my  views  regarding  the  organization  of  the  chromosomes,  viz.,  that 
they  are  specific,  self-perpetuating  morphological  units.  If  this  be 
granted,  synapsis,  segregation  and  double  chromosome  groups  neces- 
sarily are  true  conceptions,  for  there  is  no  other  way  of  accounting 
for  the  reduction  in  the  number  of  chromosomes  in  maturation  and  the 
restoration  of  this  number  in  fertilization.  Once  it  is  conceded  that 
the  chromosomes  are  self-perpetuating  cell  units,  then  there  can  be 
no  questioning  the  fact  of  a  reducing  or  segregating  division,  for  if  a 
set  of  chromosomes  from  the  father  enters  the  egg  and  duplicates  a 
set  already  present  no  other  explanation  of  the  reappearance  of  the 
same  two  sets  in  the  mature  germ-cells  can  be  offered.    The  whole 

Question  of  heredity  based  upon  chromosome  structure  centers  here. 
Ivery  fact  that  makes  for  the  establishment  of  the  chromosomes  as 
definite  structural  elements  is  an  argument  in  favor  of  a  reducing  or 
segregating  division.  The  loss  of  the  identity  of  the  chromosomes  in 
any  period  of  cell  proliferation  means  the  recreation  of  the  chromosomes 
in  the  next  mitosis.  This  fact  must  be  clearly  realized.  If  they  are 
not  continuous  structures  they  are  new  structures  in  each  cell.  If 
they  are  new  structures,  then  it  must  be  explained  how  they  reappear 
in  the  same  number,  size,  and  form  from  generation  to  generation 
of  cells  and  throughout  the  species,  genus,  and  family  of  the  grasshop- 
pers. To  say  that  they  form  anew  after  each  mitosis  is  to  postulate 
an  organization  outside  of  themselves  that  controb  their  reintegration. 
This  merely  begs  the  question,  for  we  know  of  no  such  organization. 
I  maintain  that  the  discovery  of  the  same  group  of  chromosomes  in 
all  the  species  of  Hesperotettix  is  alone  sufiScient  to  establish  the  fact 
that  they  are  self-perpetuating  individuals.  We  actually  see  them 
reproducing  themselves  in  one  mitosis  after  another,  and  we  find 
them  invariably  in  every  animal  that  we  study. 

Now,  in  arguing  thus  for  the  continuity  of  the  chromosomes,  it 
is  not  intended  to  convey  the  idea  that  they  are  always  of  exactly  the 
same  size,  form,  and  physical  constitution,  nor  that  there  is  not  ad- 
dition to,  or  change  in,  the  material  substance  of  which  they  are 
composed.  They  are  no  more  immutable  or  invariable  than  the  grass- 
hopper which  at  one  time  is  an  e^,  at  another  a  nymph,  and  finally 
a  full-winged  adult.  I  would  as  soon  question  the  individuality  of 
one  as  of  the  other,  on  the  argument  that  they  cannot  always  be  dis- 
tingubhed  in  the  same  form.  Enough  evidence  has  now  been  devel- 
oped by  various  cytological  and  experimental  researches  to  show 
that  there  is  a  fixity  and  definiteness  in  chromosome  organization 
sufficient  to  support  adequately  what  b  conmionly  known  as  the  theory 
of  the  "individuality  of  the  chromosomes."  The  burden  of  proof 
rests  strongly  upon  those  who  oppose  thb  theory,  and  to  remove  it 
they  will  have  to  offer  some  definite  explanation  for  the  appearance  of 
such  a  structure  as  the  hexad  multiple  of  Hesperotettix. 

The  mere  fact  that  the  chromatin  granules  diffuse  through  the 
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nucleus  so  that  the  outlmes  of  the  individual  chromosomes  cannot  be 
distinguished  is  no  argument  against  the  persistence  of  the  chromo- 
somes. Neither  can  I  regard  the  occurrence  of  occasional  cases  of 
amitosis  as  in  the  least  weakening  the  theory  of  chromosome  individ- 
uality. It  may  teach  us  more  about  chromosomes  to  learn  that  under 
some  circumstances  they  may  show  such  a  suspension  of  visible  inte- 
gration as  amitosis  would  indicate,  but  we  shall  first  have  to  know  a 
great  deal  more  about  amitosis  than  we  do  now,  and  we  shall  want 
to  know  how  much  the  parasitical  nature  of  the  forms  in  which  direct 
division  usually  occurs  has  had  to  do  with  the  modification  of  all 
other  organic  phenomena.  In  other  words,  I  maintain  that  something 
besides  negative  evidence  will  have  to  be  offered  in  explanation  of  the 
occurrence  of  the  same  number  of  chromosomes  throughout  the 
family  Acrididse,  and  of  the  same  combination  that  characterizes 
certain  genera.  If  these  are  not  self-perpetuating  structures  then 
there  is  some  agent  outside  which  determines  their  being,  and  it  will 
be  necessary  to  demonstrate  this  before  the  simpler  self-integration 
theory  is  abandoned. 

I  am  quite  prepared  to  admit  also  that  in  one  species  even  there 
may  be  a  variation  in  the  integration  of  the  chromatin  material,  re- 
sulting in  some  numerical  variation  of  the  chromosomes,  without 
losing  my  belief  in  the  necessity  for  this  definiteness  in  the  grasshop- 
pers. We  do  not  yet  know  how  much  difference  there  may  be  in  the 
organization  of  the  various  chromosomes  of  a  complex  nor  how 
variable  in  importance  they  may  be.  We  know  that  eggs  differ  much 
in  the  extent  of  their  organization,  so  that  their  potencies  are  entirely 
different;  and  since  the  chromosomes  represent  a  part  of  this  organi- 
zation they  also  may  vary  in  some  forms.  There  may  also  be  more 
than  the  duplicate  set  of  chromosomes  present,  which  would  presum- 
ably do  no  more  than  bring  about  greater  variation  or  minor  differ- 
ences in  the  distribution  of  characters. 

Taxonomy  has  sought  to  determine  the  true  relationship  between 
animab  and  to  divine  the  lines  of  their  descent.  As  criteria  there  have 
been  used,  in  the  main,  structural  peculiarities,  and  these  have  been 
considered  of  different  values,  depending  upon  the  number  and  variety 
of  forms  to  which  they  are  common.  We  speak  in  this  way  of  family, 
generic,  and  specific  characters.  For  instance,  in  the  Orthoptera  we 
distinguish  the  family  Acrididse,  which  has  as  recognition  characters 
strongly  developed  jumping  legs,  vertical  head,  short  antennae,  three 
ocelli,  three-jointed  tarsi,  auditory  organs  on  the  basal  segment  of 
the  abdomen,  etc.  An  examination  of  these  characters  will  show 
that  it  is  not  the  presence  of  any  peculiar  structure  that  distinguishes 
this  group  of  Orthoptera  from  other  Orthoptera,  but  it  is  the  nature 
and  extent  of  structural  development  that  is  distinctive.  All  insects 
have,  for  instance,  a  third  pair  of  legs,  a  pair  of  antennae,  a  head,  etc., 
but  in  the  Acrididae  it  is  the  particular  proportion  of  the  third  pair 
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of  l^y  the  length  of  the  antennse,  and  the  position  of  the  head  with 
reference  to  the  thorax  that  marks  off  this  group  from  others.  It  is 
the  entire  organization  of  the  acridian  body  tibat  differs  from  represen-* 
tatives  of  other  orthopteran  families,  and  these  features  of  external 
structure  that  taxonomists  have  selected  are  merely  very  striking  ones 
used  for  diagnostic  purposes. 

Not  a  cell  in  the  body  of  an  arcidian  is  like  that  of  a  locustid,  nor 
are  any  of  the  organs  similar  The  structure  of  the  testis,  for  instance, 
is  so  dissimilar  that  a  glance  at  a  section  through  a  low  power  of  the 
microscope  is  sufficient  to  distinguish  the  source  of  the  preparation 
without  counting  the  chromosomes.  I  have  therefore  come  to  the 
conclusion  that  for  accurate,  systematic  work,  not  only  will  the  ex- 
ternal anatomy  have  to  be  studied  but  also  the  internal.  Ordinarily, 
the  correlation  of  parts  is  sufficiently  close  to  allow  the  use  of  purely 
external  structures,  but  in  other  instances  the  entire  anatomy  will 
have  to  be  understood.  It  has  been  a  matter  of  great  interest  to  me 
to  find  how  real  are  the  distinctions  between  species  that  have  been 
established  by  systematists.  In  the  genus  Hesperotettix,  that  I  have 
been  using  as  an  example,  the  species  are  clearly  marked  by  peculiari- 
ties of  external  structure,  color,  etc.,  and  these  are  strictly  correlated 
with  germ-cell  characters. 

These  things  all  speak  strongly  to  me  of  definiteness  and  thorough- 
ness of  organization,  a  conception  that  we  ordinarily  express  as  "cor- 
relation of  characters."  It  means,  in  truth,  that  an  organism  is  a 
very  complex  assemblage  of  parts,  each  of  which  at  any  particular 
time  has  a  definite  form  and  relation  to  the  other  parts.'  To  know 
it  thoroughly  we  must  be  familiar  with  all  its  parts  at  that  particular 
stage  which  it  has  reached  in  its  development.  An  organism  is  an 
organism,  no  matter  at  what  ontogenetic  period  it  is  regarded.  Practi- 
cally all  crustaceans,  as  we  know,  at  one  stage  of  their  existence  have 
a  form  called  a  "nauplius."  The  definitive  organization  may  express 
itself  by  %)nly  slight  modifications  of  the  early  type  of  structure,  or 
it  may  progressively  alter  its  form  until  it  bears  no  resemblance  to 
the  former  condition.  But  these  nauplii  are  not  all  alike,  and  doubt- 
less every  form  has  a  different  expression  for  this  structural  type  could 
we  but  distinguish  it.  Not  only  is  this  true,  but  in  all  probability 
every  cell  is  characteristically  different. 

With  this  conception  of  organisms  we  see  that  in  their  study  the 
distinction  between  cytology  and  taxonomy  is  not  great.  Were  our 
knowledge  of  cell  structure  in  the  grasshopper  complete  enough  we 
might  erect  a  system  of  classification  based  upon  cytological  characters, 
just  as  reasonably  as  we  have  designated  one  using  external  anatomi- 
cal structures.  All  of  which  goes  to  show  that  organisms  at  all  stages 
of  development  and  in  all  their  parts  are  specifically  constituted.  It 
is  the  peculiar  privilege  of  cytology  not  only  to  recognize  these  differ- 
ences but  to  determine  the  means  bv  which  they  came  about.    The 
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apprehension  of  large  principles  of  organization  should  therefore  be 
our  aim,  and  I  have  no  doubt  that  once  an  understanding  of  the 
cytological  changes  in  the  body  of  an  animal  during  its  ontogeny  is 
reached  we  shall  have  solved,  as  far  as  it  b  possible  for  us  to  do, 
some  of  the  larger  problems  of  heredity  and  development  that  have 
become  our  scientinc  inheritance. 
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(Address) 
WILLIAM  BATESON 

My  first  duty  is  to  acknowledge  the  honor  done  me  by  the  su^es- 
tion  that  I  should  deliver  the  address  in  this  section.  I  need  not  say 
that  I  very  highly  appreciate  the  distinction  thus  conferred. 

The  fact  that  a  heredity  section  has  been  constituted  is  surely  a 
matter  for  congratulation.  It  is  a  sign  that  the  study  of  zoology  is 
passing  into  a  maturer  stage.  For  the  past  half  century  zoologists  have 
been  chiefly  occupied  with  the  accumulation  of  morphological  facts  of 
structure  and  development.  The  perfection  of  microscopical  methods 
had  revealed  regions  in  which  knowledge  could  be  readily  advanced 
by  simple  means.  We  became,  therefore,  students  of  Coelenterata, 
insects,  Vertebrata,  or  whatever  it  might  be,  according  as  fancy  or 
opportunity  had  specially  attracted  us  to  one  or  other  of  these 
groups. 

Such  work  was  interim  work.  It  was  making  up  arrears.  This 
task  is  now  practically  accomplished.  Almost  all  that  can  be  seen  by 
these  simple  means  has  been  seen.  One  more  phase  is  over.  The 
division  of  our  subject  matter  according  to  the  groups  of  the  animal 
kingdom  is  no  longer  adequate. 

We  are  trying  for  fresh  points  of  attack.  Our  forces  are  disposing 
themselves  in  new  formations,  with  fresh  centers  and  a  new  front.  Li 
the  organization  of  the  present  congress  the  change  has  been  recog- 
nized, and  the  creation  of  this  section  and  of  sections  for  experimen- 
tal zoology  and  cytology  testifies  to  the  existence  of  new  methods 
and  new  hopes. 

Limitations  of  the  animal  classes  do  not  trouble  us.  We  take  facts 
wherever  we  can  find  them.  We  are  botanists  to-day,  zoologists  to- 
morrow. The  widening  of  interest  which  the  study  of  heredity  is 
bringing  into  modem  zoology  must  prove  a  great  benefit  to  the 
science. 

When  morphology  was  a  new  idea,  everything  was  sacrificed  to  its 
pursuit.  Physiology,  systematics,  all  were  discarded  as  useless  lumber. 
Let  us  not  repeat  that  short-sighted  mistake.  In  the  wider  survey 
which  we  are  attempting  we  shall  need  all  these  things.  If  we  are 
to  understand  rightly  the  phenomena  of  specific  difference  —  to  take 
that  problem  only  —  we  shall  be  glad  of  anything  that  the  systematist 
can  tell  us,  and  of  many  deductions  of  pure  physiology. 
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The  study  of  heredity  and  variation  —  of  genetics,  to  use  our 
modem  term  —  is  itself  a  purely  physiological  inquiry,  and  as  such 
it  must  range  itself  among  other  physiological  inquiries;  standing 
next  beside,  and  looking  constantly  for  support  to,  physiological 
chemistry. 

The  accidents  of  development  which  dissociated  zoology  from 
physiology  were,  as  we  are  beginning  to  perceive,  a  misfortune, 
though  perhaps  an  inevitable  one.  The  botanists  are  happy  in  that 
their  smaller  dimensions  have  prevented  such  disruption.  But  let  us 
hope  that  the  dynamics  of  the  zoological  system  may  admit  of  the 
retention  of  that  part  of  physiology  which  still  adheres.  Genetics  will 
grow  to  be  a  big  sphere  one  day;  but  may  it  never  break  oflF  from 
the  parent  body  whether  as  satellite  or  as  sun. 

Let  us  now  examine  the  task  which  lies  before  us  as  students  of 
genetics.  Various  descriptions  of  our  objects  may  be  made,  referring 
to  the  phenomena  of  heredity  and  variation ;  their  bearing  on  the 
theory  of  e^^olution,  or  on  the  origin  and  destinies  of  races.  Stripped 
of  all  that  is  superfluous  and  of  all  that  is  special  to  particular  cases, 
genetics  stand  out  as  the  study  of  the  process  of  cell-division.  For  if 
we  had  any  real  knowledge  of  the  actual  nature  of  the  processes  by 
which  a  cell  divides,  the  rest  would  be  largely  application  and  exten- 
sion. It  is  in  cell-division  that  almost  all  the  phenomena  of  heredity 
and  variation  are  accomplished.  Nothing  is  more  easy  than  to  witness 
this  process.  We  may  behold  its  minutest  visible  detaib  when  we 
please  and  as  often  as  we  please,  and  still  no  one  has  even  a  plausible 
guess  as  to  the  essential  nature  of  the  process.  Two  centers  form : 
the  parts  collect  round  each.  The  two  halves  withdraw ;  or,  if  we  may 
commit  ourselves  so  far,  repel  each  other,  and  there  are  then  two  cells 
instead  of  one.  The  likeness  of  those  two  cells  we  call  heredity;  their 
difference  we  call  variation.  If  the  two  celb  remain  constituent  parts 
of  one  body,  we  may  speak  of  their  likeness  as  symmetry  or  repetition ; 
and  their  points  of  unlikeness  we  then  call  differentiation.  But  how 
the  two  centers  were  formed,  not  to  speak  of  why,  and  how  they  came 
to  separate,  we  have  no  surmise.  Still  less  can  we  conjecture  what  it 
was  that  decided  the  distribution  of  differences  between  the  two  halves. 
No  phenomenon  of  common  life  is  so  obscure. 

By  suitable  means  many  of  the  finer  detaib  can  be  watched,  but  the 
most  meticulous  observation  has  failed  to  disclose  the  essential  truth 
which  must  yet  be  so  near.  I  am  speaking  in  a  country  where  by  the 
determination  of  vigorous  observers  a  p-eat  school  of  cytologists  has 
arisen  who  have  added  much  to  knowledge  of  the  perceptible  fea- 
tures. They  will,  I  think,  agree  with  me  thiat  were  the  powers  of  the 
microscope  increased  many  times,  it  is  unlikely  that  we  should  be 
very  much  wiser  than  we  now  are.  Evidence  of  a  different  sort  is 
needed. 

Others  by  great  ingenuity  have  tried  to  penetrate  a  little  deeper  by 
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making  models  which  in  various  ways  can  reproduce  something  of 
what  is  seen  to  occur,  but  the  features  thus  represented  are  those 
which  occur  after  the  two  centers  are  formed  —  the  consequences,  that 
is  to  say,  of  the  divbion,  not  the  division  itself. 

That  remains  a  phenomenon  unparalleled  in  the  physical  world, 
like  consciousness,  a  distinctive  property  of  living  matter.  By  no 
confection  of  chemistry  or  mechanical  contrivance  can  we  yet  fit 
together  a  system  which  will  dichotomize  and  grow,  dichotomize  and 
grow,  repeating  the  process  again  and  again  as  long  as  certain  mate- 
riab  are  supplied  to  it. 

The  point  on  which  I  wish  here  to  lay  the  emphasis  is  the  failure  to 
conceive  or  to  represent  the  dichotomy.  Heredity,  as  we  commonly 
see  it,  is  much  more  than  that,  but  the  dichotomy  is  the  one  feature 
common  to  all  its  manifestations.  I  have  sometimes  thou^t  that  in 
our  investigations  of  the  later  and  more  special  phenomena  of  in- 
heritance there  is  a  danger  of  forgetting  that  this  is  the  essential  fact. 
In  the  visible  rearrangement  of  the  chromosomes,  for  example,  in 
mitoses,  occurrences  so  tangible  and  striking  are  witnessed  that  the 
observer  can  hardly  avoid  exclaiming,  "This  is  the  essential  process 
of  heredity,"  or  "Those  chromosomes  which  I  can  watch  and  count 
must  be  flie  physical  basis  of  hereditary  likeness."  Attractive  and 
stimulating  as  those  wonders  are  to  behold,  the  essential  is  still  beyond. 
Heredity  began  in  the  explosion  which  impelled  the  chromosomes  on 
their  courses.  If  it  were  possible  to  identify  the  chromosomes  ever  so 
clearly  as  the  physical  bearers  of  hereditary  characters,  the  problem 
of  the  division  would  remain,  and  I  am  strongly  led  to  expect  that  it 
must  be  in  some  new  light  on  the  causation  of  the  division  that  the 
way  to  attack  the  essential  problem  will  be  found.  In  this  expectation 
I  am  glad  to  find  myself  in  agreement  with  Dr.  Loeb,  whose  inter- 
esting address  we  heard  yesterday.  The  researches  which  he  has  so 
succ^sfully  inaugurated  have  brou^t  the  problem  of  cell-division  at 
last  within  the  range  of  experiment ;  and  if  the  nature  of  the  explosion 
remains  still  inscrutable,  Loeb's  work  has  shown  how  the  charge  may 
be  fired. 

In  our  deliberations  I  anticipate  that  the  more  immediate  question, 
whether  the  chromosomes  are  or  are  not  the  bearers  of  hereditary 
characters,  will  be  fully  debated.  Without  presiuning  to  a  definite 
opinion  on  this  question,  I  venture  to  state  what  soem  to  me  formidable 
difficulties  in  the  way  of  this  expectation.  If  the  chromosomes  were 
directly  responsible  as  chief  agents  in  the  production  of  the  physical 
characteristics,  surely  we  should  expect  to  find  some  degree  of  corre- 
spondence between  the  differences  distinguishing  the  types,  and  the 
visible  differences  of  number  or  shape  distinguishing  the  chromosomes. 
So  far  as  I  can  learn,  no  indication  whatever  of  such  a  correspondence 
has  ever  been  found.  Besides  this,  although  no  very  thorough  investi- 
gation of  the  chromosomes  of  somatic  structures  has  yet  been  made  on 
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an  extoisive  scale,  I  believe  that  definite  cytological  distinctions  be- 
tween the  nuclei  of  the  various  tissues  of  the  same  body  have  not  been 
detected.  If  chromosomes  were  the  chief  governors  of  structure, 
surely  we  should  find  great  differences  between  the  chromosomes  of 
the  various  epithelia  which  differ  greatly  in  their  structure  and  proper- 
ties. As  these  cytological  differences  have  not  been  found  consistently 
there,  the  prospect  of  successfully  tracing  them  among  the  specific  types 
does  not  look  very  hopeful. 

Again,  no  correspondence  between  the  chromosome  numbers  and 
complexity  of  structure  has  ever  been  asserted  to  exist.  Low  forms 
may  have  many ;  highly  complex  types  may  have  few. 

Then,  on  the  contrary,  very  closely  alUed  types  may  show  great 
differences  in  these  respects.  As  you  are  aware,  Rosenberg  has  shown 
that  one  species  of  Drosera  has  20,  while  another  has  10.  Again, 
^liss  Lutz  has  found  a  similar  state  of  things  in  (Enothera  gigas,  which 
has  28,  while  (Enothera  lata  has  14.^  Obviously  this  doubling  means 
something  definite,  but  it  is  not  suggestive  of  the  determination  of 
specific  difference.  In  Aphis  Miss  Stevens,  on  the  other  hand,  has 
shown  how  wide  a  diversity  may  be  presented  by  the  chromosomes  of 
forms  so  alike  as  to  have  passed  for  one  species.  These  differences 
prove  both  too  little  and  too  much.  I  cannot  but  believe  that  all  this 
evidence  points  to  the  conclusion  that  we  are  about  to  find  among  the 
chromosomes  one  more  illustration  of  the  paradoxical  incidence  of 
specific  difference,  not  the  fundamental  phenomena  on  which  that 
difference  depends.  Among  coleopterists  punctulation  is  sometimes 
a  feature  of  great  systematic  importance.  To  dipterists  neuration 
and  chaetotaxy  sometimes  give  useful  critical  data.  In  certain  orders 
of  Lepidoptera,  the  Hesperidse,  for  example,  the  structure  of  the 
genitalia  snarply  distinguishes  the  species  where  all  outward  tests 
fail.  But  proceeding  farther  with  each  of  these  criteria,  we  are  sure 
to  come  upon  other  groups  where  for  a  long  series  of  diverse  types  the 
critical  featmre,  so  important  elsewhere,  may  show  no  differences,  or, 
on  the  contrary,  may  show  hardly  any  stability.  I  have  digressed 
outside  my  province  in  these  remarks.  My  excuse  must  be  that  I  have 
a  rare  opportimity  of  speaking  to  a  great  school  of  cytologists,  who 
must,  sooner  or  later,  become  the  colleagues  of  us  breeders  in  the 
attack  on  genetic  problems,  and  I  cannot  resist  saying  how  the  facts 
strike  an  observer  who  is  highly  interested,  and  I  may  truly  say 
unprejudiced.  I  suspect,  then,  that  the  specificity  of  the  chromosomes 
may  conform  in  general  to  these  other  phenomena  of  specificity. 

There  remains  the  suggestive  fact  that  all  that  has  been  witnessed 
regarding  the  behavior  of  the  chromosomes  is  in  fair  harmony  with  the 
expectations  which  our  Mendelian  experience  would  lead  us  to  form 
respecting  the  hypothetical  "bearers"  of  varietal  differences.     On 

^  Important  evidence  as  to  these  chromosome  numbers  has  been  published 
by  R.  A.  Gates,  Botanical  Oazette,  Februaiy  and  July,  1907. 
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the  other  hand,  with  one  striking  exception,  nobody  has  been  able  to 
connect  a  cytological  difference  with  a  character-difference  in  any 
instance.  The  exception,  of  course,  is  the  case  of  the  accessory  chro- 
mosome which  Professor  Wilson  so  admirably  demonstrated  to  us 
yesterday.    Of  that  I  shall  speak  again  hereafter. 

But  though,  in  r^ard  to  these  profounder  questions,  our  knowledge 
is  so  defective,  the  results  of  experimental  breeding  are  beginning  to 
limit  the  problem  in  very  definite  ways.  We  know  first  the  fact  de- 
duced from  Mendel's  original  experiments  with  peas,  that  the  bodily 
characters  may  result  from  the  transmission  of  distinct  unit-factors. 
According  to  Mendel's  own  conception  these  factors  exbted  in  alterna- 
tive or  allelomorphic  pairs,  of  such  a  nature  that  only  one  member  of 
any  one  pair  can  be  carried  by  a  gamete.  Now  though  we  cannot 
quite  prove  this  first  account  to  be  wrong,  it  is  nevertheless  possible 
to  express  all  Mendelian  phenomena  in  terms  of  a  simpler  system, 
according  to  which  the  allelomorphism  may  be  represented  as  con- 
sisting essentially  not  in  the  presence  of  separate  factors  for  the 
dominant  and  for  the  recessive  characters,  but  in  the  presence  of 
something  constituting  the  dominant  character  which  is  absent  from 
the  recessive  gametes.  So  satisfactory,  indeed,  are  the  results  of  this 
mode  of  representation  that  the  probabilities  are  greatly  in  favor  of 
its  truth.  Indeed,  when  the  interrelations  of  a  compUcated  series  of 
varietal  tj'pes  have  to  be  dealt  with,  the  presence-and-absence  system, 
as  we  may  call  it,  applies  so  readily  that  its  correctness  is  scarcely 
doubtful. 

In  simple  cases,  for  instance,  in  that  of  the  rat,  we  may  regard  the 
color  gray  and  black  as  due  to  the  operations  of  gray  and  black  deter- 
miners acting  upon  a  distinct  factor  for  color.  According  to  the 
scheme  promulgated  by  Cu^not,  the  two  determiners,  gray  and  black, 
are  regarded  as  allelomorphic  to  each  other. 

Such  a  system,  however,  fails  when,  as  in  the  case  of  mice,  a  third 
color-type  (in  addition  to  the  albmo),  viz.,  chocolate,  has  to  be  ex- 
pressed. If,  on  the  contrary,  each  determiner  is  regarded  as  allelo- 
morphic to  its  own  absence,  a  workable  system  is  provided,  which  can 
deal  with  almost  all  the  observed  facts.  The  gray  —  or  technically, 
agouti  —  mouse,  then,  contains  all  the  factors.  The  black  is  black 
because  it  is  minus  the  determiner  for  agouti,  and  the  chocolate  is 
wanting  in  the  determiners  both  for  agouti  and  for  black.  The  rela- 
tions of  all  the  color  types  to  each  other  are  thus  clear  except  m  so  far 
as  the  relation  of  yellow  to  the  other  colors  is  not  quite  satisfactorily 
accounted  for  on  either  system. 

It  is  at  present  beyond-  my  purpose  to  examine  the  suggestions 
made  to  deal  with  that  particular  difiiculty,  but  leaving  this  special 
question  on  one  side,  we  can  draw  the  clear  deduction  that  each  of 
these  varieties  owes  its  existence  to  the  absence  or  removal  of  some 
factor  from  the  gamete  of  the  type. 
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Conversely  in  other  cases  we  perceive  with  equal  certainty  that  the 
variety  is  due  to  the  addition  of  such  a  factor. 

To  deal  with  this  series  of  interactions,  the  simple  conception  of 
dominant  and  recessive  is  inadequate.  We  now  need  a  term  to  denote 
the  relation  between  dominant  factors  belonging  to  distinct  pairs  of 
allelomorphs. 

Till  lately  we  spoke  of  the  relations  between  the  gray  color  of  the 
mouse  to  the  black  color  in  terms  of  dominance.  Those  terms, 
strictly  speaking,  should  only  be  appUed  to  members  of  the  same 
allelomorphic  pair.  We  can  perhaps  best  express  the  relation  between 
the  gray  and  the  black  by  the  use  of  the  metaphor  "higher  and 
lower,"  and  I  therefore  surest  the  term  epistatic  as  applicable  to 
characters  which  have  to  be,  as  it  were,  lifted  off  in  order  to  permit 
the  lower  or  hypostatic  character  to  appear.  The  same  method  of 
representation  is,  of  course,  applicable  to  the  series  of  factors  for 
pattern  and  for  intensity  of  color. 

The  case  of  patterns  is  in  a  special  way  instructive.  Symbolically 
we  can  represent  pattern  as  due  to  determining  factors,  like  those 
which  cause  the  tint  or  the  intensity  of  color. 

Though  justifiable  as  a  symbolic  representation,  it  is  evident  that 
the  "factor"  for  pattern  may  really  be  a  quantitative  difference  in  the 
amount  of  one  of  the  elements,  presumably  the  chromogen.  We  may 
imagine  that  the  color  appears  on  special  parts,  just  as  color  takes  on 
the  prepared  surface  of  a  lithographer's  stone,  always  remembering 
that  though  the  distinction  between,  for  example,  self-pattern  and  the 
Dutch-pattern  rabbit  may  thus  be  quantitative,  the  quantitative 
stages  are  fairly  well  defined. 

The  point  is  of  interest  inasmuch  as  when  we  come  to  estimate  the 
minimum  number  of  transmitting  elements,  it  is  superfluous  to  postu- 
late additional  elements  as  instruments  in  effecting  these  alterations 
in  pattern,  seeing  that  the  change  may  very  readily  be  imagined  as  due 
to  a  series  of  quantitative  subtractions  from  the  qualitative  elements. 
If  then  we  can  thus  regard  the  distribution  of  color  as  dependent  on 
subtraction-stages  of  some  one  eleriient,  say  the  chromogen,  we  are 
naturally  led  to  refer  the  various  intensities  to  another  similar  but  also 
definite  series  of  subtraction-stages  in  which  the  subtraction  is  spread 
over  the  whole  field,  and  so  on  for  the  other  qualities. 

Two  fairly  distinct  classes  of  difference  may  thus  be  presumed  to 
exist,  those  depending  on  the  qualitative  elements  and  those  due  to 
quantitative  subtractions  from  them.  The  latter  may  be  again 
subdivided. 

It  is  scarcely  necessary  at  this  time  to  repeat  that  almost  all  the 
subtraction-stages  fully  studied  are  fairly  definite,  and  their  existence 
implies  no  suggestion  of  general  failure  of  segregation.  Interesting 
experiments  have  recently  been  made  by  Castle  and  McCurdy,  ex- 
hibiting positive  results  of  selection  inside  the  limits  of  one  of  these 
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stages,  VIZ.,  the  so-called  hooded  type  in  the  rat.  Nevertheless,  the 
maximum  result  attributable  to  selection  in  such  cases  is  a  modifica- 
tion within  the  limits  of  one  particular  varietal  type. 

Such  evidence  provides  no  escape  from  the  conclusion  that  each 
genetic  variety  comes  into  existence  by  a  special  addition  to  or  sub- 
traction from  the  genetic  equipment. 

Of  all  the  results  to  which  experimental  work  has  led  us,  that  which 
to  me  is  the  most  astonishing  is  the  fact  that  the  same  systems  of 
transmission  should  be  followed  by  characters  which,  by  whatever 
test  they  are  judged,  must  be  supposed  to  be  most  diverse  in  physio- 
logical causation.  Naturally  when  we  are  dealing  with  changes  in 
color,  for  instance,  or  in  the  reserve  materials  of  a  seed,  we  surmise 
that  the  critical  factor  is  a  certain  ferment,  or  rather,  the  power  to 
produce  that  certain  ferment.  It  is  perhaps  not  too  wide  a  stretch  of 
imagination  to  regard  susceptibility  to  fungoid  disease  as  caused  by 
some  similar  body.  The  diversity  of  these  ferments  must  anyhow  be 
very  great,  and  it  seems  very  strange  that  all  these  multifarious 
potentialities  should  exhibit  gametic  allelomorphism.  Let  us  take  an 
illustration.  Color,  as  we  can  prove  in  regard  to  several  plants,  and 
in  regard  to  the  plumage  of  fowb,  is  due  to  the  meeting  of  two  com- 
plementary factors.  One  is  presumably  a  ferment.  Recent  research 
strongly  suggests  that  it  is  a  tyrosinase.  The  other  is  referred  to  as 
a  chromogen.  But  whatever  they  are,  the  two  bodies,  or  rather  the 
factors  which  produce  them,  must  be  of  utterly  different  nature,  and 
yet,  genetically,  the  two  potentialities  are  treated  similarly.  Each  is 
allelomorphic  to  the  absence  of  such  a  power. 

How  much  more  astounding  is  it,  that  when  we  pass  to  qualities 
such  as  length  of  stalk  and  shape  of  flower,  or  of  a  cock's  comb,  the 
quality  of  the  hair  in  a  rabbit,  we  still  find  the  same  rules  in  strict  and 
undeviating  operation.  Any  scheme  of  heredity  on  a  scale  compre- 
hensive enough  to  deserve  the  title  of  theory  must  deal  with  this  sur- 
prising fact. 

There  is  another  extraordinary  feature  in  the  behavior  of  allelo- 
morphs which,  though  known  clearly  in  a  few  cases  only,  must 
certainly  play  a  great  part  in  the  fuller  elucidation  of  heredity.  This 
is  partial  gametic  coupling. 

Mr.  Punnett  and  I  have  for  some  time  been  engaged  in  studying 
this  phenomenon  in  the  sweet  pea  {Laihyrus  odoraim),  and  we  have 
recognized  indications  of  the  same  thing  elsewhere.  The  Section  will 
perhaps  forgive  me  for  taking  a  botanical  illustration.  I  have  no 
doubt  it  will  not  be  long  before  cases  in  animals  are  found. 

In  the  sweet  pea,  then,  we  know  experimentally  about  eleven 
distinct  allelomorphic  pairs.  The  actual  number  is,  of  course,  much 
greater,  but  eleven  have  been  critically  demonstrated. 

Of  these  characters  some  are  concerned  with  the  production  of 
color,  others  with  the  determination  of  form.    The  composition  of  the 
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F^  families  shows  that  several  of  these  allelomorphs  are  not  distributed 
independently  among  the  gametes,  but  that  certain  combinations  of 
characters  occur  with  greater  frequency  than  others.  The  first  of  these 
couplings  to  be  made  out  was  that  between  the  normal  or  long  pollen 
shape  and  the  factor  which  determines  blue  color.  In  the  absence  of 
the  long  pollen  factor,  the  pollen  is  round.  In  the  absence  of  the  factor 
for  blue,  the  flower  color  is  red.  The  coupling  here  is  such  that  the 
F2,  numbers  instead  of  being  9  blue-long  +  3  blue-round  +  3  red-long 
-f  1  red-round,  are  177  :  15  :  15  :  49,  or  very  nearly  so. 

This  system  would  be  produced  by  the  following  gametic  series : 
7  blue-long  +  1  blue-round  +  1  red-long  +  7  red-round. 

It  is  not  possible  to  decide  strictly  whether  the  series  is  7, 1, 1,  7,  or 
8,  1,  1,  8,  and,  of  course,  the  dichotomies  which  produce  the  one  or 
the  other  of  these  systems  must  be  entirely  diflFerent,  but  the  total  of 
the  series  is  either  16  or  16  +  2. 

Now  the  other  two  instances  of  partial  coupling  show  that  the 
association  is  there  in  groups  of  either  32  or  32  +  2.  In  the  first  case 
the  blue  factor  and  the  pollen  shape  are  again  concerned,  but  their 
proper  system  of  coupling  is  disturbed  by  the  presence  of  another 
element,  that  which  governs  the  shape  of  tiie  flower. 

The  three  pairs  of  characters  are  then  : 

Dominard  Recessive 

1.  Blue.  No  blue,  via.,  red. 

2.  Pollen  long.  PoUen  round. 

3.  Standard  upright,  having  central  Standard    hooded,    without   a   central 

notch.  notch. 

Now,  experiment  has  shown  two  things.  First,  that  in  these 
families  there  is  a  total  and  complete  coupling  of  blue  and  Jiood,  In 
other  words,  all  gametes  destitute  of  the  upright  standard  factor  have 
the  blue  factor,  while  all  gametes  bearing  the  upright  standard  are 
destitute  of  the  blue  factor.  Consequently,  there  are  in  such  families 
three  types  of  plants,  distinguishable  by  the  shape  and  color  of  their 

flowers: 

1.  Blue  —  hooded  standard. 

2.  Blue  —  erect  standard. 

3.  Red  —  erect  standard. 

Classes  1  and  3  are  homozygous,  but  2,  which  in  this  curious  in- 
stance happens  to  be  the  wild  type  of  sweet  pea,  is  here  always  hete- 
rozygous, Uke  the  blue  Andalusian  fowl.  Consequently  we  meet  the 
paradoxical  result  that  of  the  three  tjrpes  produced  in  such  a  family 
the  original  wild  form  is  the  one  which  does  not  breed  true,  but 
continues  to  throw  off  the  other  two  types. 

It  is  only  by  a  stretch  of  language  that  we  can  speak  of  the  blue 
factor  as  coupled  with  the  hooded  shape;  for  the  hooded  shape  is 
recessive,  and  thus  may  be  regarded  as  the  shape  due  to  the  removal 


Digitized  by 


Google 


314       Vn.  INTEBNATIONAL  ZOOLOGICAL  CONGRESS 

of  the  factor  for  upri^t  standard.  A  more  strict  way  of  describing 
the  facts  would  be  to  speak  of  erect  standard  and  blue  factor  as 
gametically  alternative  to  each  other.  It  is  thus  possible  that  we 
may  have  eventually  to  extend  the  conception  of  allelomorphism 
to  cases  like  this  where  two  characters,  both  dominant,  due,  that 
is  to  say,  to  the  presence  of  some  factor,  are  alternative  to  each 
other  in  the  constitution  of  the  gametes. 

To  return  now  to  the  distribution  of  the  pollen  characters  in  these 
families:  the  Fj  numbers  prove  that  the  coupling  between  the  blue 
factor  and  the  long  pollen  character  is  altered  and  becomes  far  more 
complete.  When  the  hood  standard  is  segregating  from  the  upright 
standard  at  the  same  time  as  the  blue  is  segregating  from  the  red  (viz., 
non-blue),  and  the  long  pollen  from  the  round  pollen,  the  gametic 
series  is  no  longer  7  blue;  long+  1  blue;  round  +  1  red;  long  H-  7 
red;  round,  but  is  evidently  15+1  +  1  +  15,  unless, as  is  still  possi- 
ble, the  actual  numbers  are  16+1  +  1  +  16. 

A  second  case  of  this  peculiar  distribution  exists  in  regard  to  the 
two  characters,  sterility  of  anthers  and  absence  of  colors  in  the  axil; 
there  the  association  is  15  (or  16)  fertile  $ ;  colored  axil  +  1  fertile  $ ; 
green  axil  +  1  sterile  i ;  colored  axil  +  15  (or  16)  sterile  i ;  green 
axil. 

The  ^2  numbers  resulting  from  the  recombinations  of  two  pairs 
of  allelomorphs  distributed  independently,  and  according  to  various 
simple  systems  of  partial  gametic  coupling  may  be  tabulated  as 
follows.  In  each  pair  one  of  the  factors  is  taken  to  be  dominant  over 
the  other. 


AB 

aB 

Ab 

ab 

Total 

No  coupling. 

3.1.1.  3 

7.1.1.  7 

15.1.1.15 

9 

41 

177 

737 

3 

7 
15 
31 

3 

7 

15 
31 

1 

9 

49 

225 

16 

64 

256 

1024 

and  so  forth. 

Curiously  enough,  we  have  as  yet  no  certain  case  of  the  coupling  in 
a  series  of  8,  viz.,  3  +  1  +  1  +  3,  though  we  can  scarcely  doubt  that 
the  system  exists.  There  are,  however,  clear  indications  that  couplings 
of  a  still  closer  order  exist  and  we  may  reasonably  expect  them  to  fall 
into  systems  corresponding  with  the  series  of  powers  of  2.  Thk 
evidence  will,  m  all  probability,  be  of  great  assistance  in  the  attempt 
to  close  in  on  the  question  of  the  moment  at  which  the  segregation  of 
characters  is  effected  and  must  be  taken  into  account  in  any  discus- 
sion of  the  nature  of  the  dichotomies  themselves.  It  becomes  very 
difficult  to  suppose  in  these  cases  of  close  though  still  incomplete 
coupling  that  all  the  segregations  occur  at  the  reduction  division  — 
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or  indeed  at  any  single  division  —  and  we  await  with  some  interest  the 
result  of  eytological  studies  of  the  antecedent  stages  in  maturation. 
The  difficulty  reaches  its  maximum  when  we  attempt  to  conceive  the 
process  of  character-distribution  among  the  egg  cells  of  plants.  The 
male  cells  in  plants  and  animab  are  so  numerous  that  their  numbers 
supply  suflScient  scope  for  the  formation  even  of  very  long  series  of 
couplings.  The  egg  cells,  on  the  contrary,  are  few,  and  very  often 
definitely  grouped  in  special  organs,  which  again  are  arranged  on  a 
definite  geometrical  plan  relatively  to  the  gross  anatomy  of  the  plant 
Even  if  3ie  various  accessory  cells  of  the  plant  ovary  are  reckoned  as 
belonging  to  the  gametic  series,  the  number  seems  still  insufficient  to 
allow  for  the  development  of  a  coupling  which  demands  a  long  series 
for  its  expression.  Is  there,  then,  any  organized  system  of  diflFerentia- 
tion  connecting  the  several  ovaries  into  a  common  plan  ?  In  maize  and 
peas,  where  indications  of  this  system  might  be  expected  to  be  found 
if  they  existed,  the  evidence  is  entirely  negative,  and  that  b  all  which 
can  be  positively  asserted. 

Turning  now  to  another  aspect  of  the  problem,  we  have  to  look  for 
facts  which  may  help  us  to  limit  our  search  for  causes  of  variation. 
We  may,  as  I  have  said,  assume  that  a  vast  niunber  of  variations  are 
due  to  the  addition  or  removal  of  definite  factors.  We  begin,  there- 
fore, to  have  some  dim  conception  of  the  nature  of  this  class  of  varia- 
tions, and  at  all  events  to  appreciate  that  they  must  occur  as  definite 
and  specific  events.  As  to  the  causation  of  these  events,  there  is 
ahnost  no  light.  A  few  months  ago,  I  think  it  would  have  been 
scarcely  an  exaggeration  to  have  said  there  was  none.  It  is,  however, 
impossible  not  to  recognize  that  the  striking  experiments  lately  pub- 
lished by  Tower  may  be  a  positive  contribution  to  this  part  of  the 
inquiry.  We  can  scarcely  imagine  that  changes  in  temperature  or  in 
moisture  are  the  great  or  chief  efficient  causes  of  natural  variation; 
still  the  fact  that  in  Tower's  experiments  such  artificial  changes  in 
conditions  appear  to  have  effected  a  modification  in  the  germ  cells  of 
the  potato  beetle  {Lejdinciarsa  decemrlineata)  and  to  have  permanently 
deflected  the  offspring  into  a  recessive  line,  must  be  allowed  weight 
in  future  discussions  of  these  phenomena.  Many  points  in  that  fine 
piece  of  work  still  remain  to  be  cleared  up,  but  a  very  remarkable 
beginning  has  been  thus  made.  It  is,  perhaps,  scarcely  necessary  to 
add  a  warning  that  though  the  response  to  change  of  conditions  may 
have  been  direct,  it  must  not  be  hastily  concluded  that  the  response  is 
adaptive.  The  appeal  to  direct  responses,  so  common  in  evolutionary 
discussions  of  thirty  years  ago,  was  made  to  account  for  the  complex 
adaptations  of  organism  to  environment.  It  is  the  total  want  of  any 
evidence  supporting  that  appeal  which  has  driven  most  of  us  to  disbe- 
lieve in  the  reality  of  any  such  claims,  and  there  is  nothing  in  the  new 
evidence,  I  think,  which  should  shake  the  attitude  of  resolute  agnos- 
ticism which  we  have  thus  been  led  to  adopt. 
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Simikr  reflections  apply  to  another  very  curious  instance  of  genetic 
change  induced  by  more  violent  means.  MacDougal  states  that  by 
injecting  calcium  nitrate  into  the  ovary  of  Raimannia  he  caused  the 
plant  to  produce  seeds  which  became  small  and  depauperated  plants, 
destitute  of  the  ciliation  characteristic  of  the  parent  species.  These, 
in  their  turn,  transmitted  the  new  character  to  their  descendants. 

The  facts  which  I  have  referred  to  as  helping  to  limit  our  view 
have  been  drawn  from  the  behavior  of  a  considerable  range  of  charac- 
ters and,  as  I  have  said,  there  are  strange  elements  of  similarity  com- 
mon to  all.  Respecting  two  very  important  classes  of  characters  we 
still  remain  in  alrnost  total  ignorance.  Some  years  ago  in  attempting 
a  provisional  survey  of  variations  I  distinguished  a  special  group  of 
phenomena  as  meristic,  that  is  to  say,  belonging  to  those  occurrences 
by  which  division  and  repetition  are  effected  in  animals  and  plants. 
Obvious  as  the  meristic  differences  are,  we  know  very  little  as  to  the 
system  followed  in  their  inheritance.  Only  one  case  is  clear,  I  believe. 
Farabee  has  shown  that  the  peculiar  condition  of  the  human  digits  in 
which  the  fingers  and  toes  have  only  two  phalanges  each,  behaves  as 
a  simple  dominant.  Dr.  Drinkwater  has  very  kindly  sent  me  lately  a 
table  which  he  will  shortly  publish,  showing  exactly  the  same  thing  in 
an  English  family.  In  his  family,  as  in  Farabee's,  the  affected  mem- 
bers were  of  very  short  stature.  I  can  not  at  all  readily  conceive  how 
any  ferment  or  other  transmissible  substance  can  be  supposed  to  be 
responsible  for  such  a  variation  as  this.  It  is  true  that  the  attacks  of 
gall-flies  or  of  fungi  may  excite  branching,  or  proliferating  cell-division 
in  plants,  and  we  may  have  to  suppose  that  a  poison  can  have  this 
effect.  Perhaps  we  may  also  imagine  that  the  fine  division  of  the  hair 
follicles  in  Angora  rabbits  or  Merino  sheep  mav  be  due  to  the  want  of 
some  substance  which  in  the  normal  type  inhibits  or  checks  this  ex- 
cessive subdivision,  but  if  we  are  to  bring  the  two-phalanged  digits 
into  line  with  the  rest  of  these  observations  we  shall  have  to  make 
an  extreme  demand  upon  the  specific  powers  of  chemical  substances. 

Polydactylism  has  thus  far  failed  to  give  clear  indications.  Some- 
times the  inheritance  is  Mendelian,  while  in  other  strains  or  individ- 
uab  dominance  is  so  irregular  that  the  descent  becomes  untraceable. 
Such  irregularities  of  dominance  here,  as  elsewhere,  may  be  referred 
with  some  probabiUty  to  the  disturbing  influences  of  other  unde- 
tected factors.  It  is  much  to  be  hoped  that  cases  of  difference  in  the 
ground-plan  numbers  of  some  radial  type  will  be  found  amenable  to 
experimental  tests.  Here  the  problem  may  be  found  in  a  somewhat 
simplified  form  on  account  of  the  elimination  of  serial  differentiation. 

One  most  interesting  class  of  characters  remains  untouched.  I 
refer  to  right-  and  left-handedness.  I  can  form  no  surmise  as  to  the 
laws  which  will  govern  the  descent  of  these  characters.  From  Mayer's 
observations  on  Partula  we  learn  that  parents  of  either  twist  may 
bear  young  of  either  twist.    The  numbers  in  the  uteri  were  so  small 
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that  the  absolute  numbers  were  insignificant,  and  it  may  be  an  accident 
that  no  mixture  of  types  was  found  in  any  one  uterus.  Direction  of 
twist  is  a  fundamental  meristic  phenomenon,  being,  as  Crampton 
and  Conklin  have  proved,  determined  as  early  as  the  first  cleavage 
plane;  and  great  light  on  the  problem  of  cell-division  might  perhaps  be 
obtained  if  the  inheritances  of  these  differences  could  be  determined. 
The  only  case  we  have  studied,  that  of  Medicago,  in  which  the  fruits 
are  right-  or  left-spirals  according  to  species,  proved  unworkable, 
perhaps  on  account  of  the  minute  size  of  tiie  flower  and  the  roughness 
of  the  manipulations. 

I  must  now  refer  to  the  one  positive  case  alluded  to  above,  in 
which  a  chromosome  difference  has  been  proved  to  be  associated  with 
a  somatic  difference.  McClung,  studying  the  accessory  chromosome 
first  observed  by  Henking  was  the  first  to  insist  on  its  importance. 
He  showed  that  in  certain  insects  half  the  sperms  have  it  and  half  are 
without  it.  This  fact  led  him  to  make  the  natural  suggestion  that  the 
structure  might  be  concerned  in  the  differentiation  of  sex.  This 
suggestion  has  been  shown  by  Wilson  to  be  correct,  but  the  accessory 
body  proves  to  be  the  peculiarity  of  the  sperms  which  are  destined  to 
form  females,  not  of  those  which  will  form  males,  as  had  been  previ- 
ously supposed.  It  was  with  no  ordinary  feelings  of  pleasure  that  in 
the  past  week  many  of  us  in  Woods  HoU,  and  again  the  large  audience 
assembled  in  this  room,  beheld  the  fine  series  of  photographs  which  so 
amply  demonstrate  Wilson's  far-reaching  discovery. 

The  definiteness  of  the  facts  is  evident  beyond  all  question,  and 
'whether  the  accessory  body  is  in  these  types  the  "cause"  of  femaleness 
or  only  associated  with  that  cause,  we  nave  at  last  the  long-expected 
proof  that  sex  is  determined  in  the  germ-cells,  so  far  as  these  specific 
cases  are  concerned.  In  those  cases  we  may  even  go  farther  and 
declare  that  the  female  is  homozygous  in  femaleness,  while  the  male 
b  heterozygous  in  sex.  Such  a  result  accords  well,  I  think,  with  the 
general  conclusions  to  which  breeding  experiments,  on  the  whole, 
point.  For  though  great  disparities  between  the  proportion  of  the 
sexes  occur  in  certain  matings,  these  disparities  seem  to  be  obliterated 
in  succeeding  generations.  If  the  one  sex  were  homozygous  and  the 
other  heterozygous,  such  impermanence  of  the  divergences  is  what 
we  might  naturally  expect.^ 

Of  course,  the  association  of  sex-distinction  with  an  accessory 
chromosome  is  admittedly  a  peculiarity  of  certain  types,  but  science 
proceeds  by  the  discovery.of  prerogative  instances,  of  which  surely 
this  notable  illustration  will  long  be  remembered. 

>  In  these  remarks  I  have  of  course  in  view  the  case  where  the  actual  number 
of  the  two  sexes  shows  strange  departures  from  equality.  The  phenomena  recorded 
by  Doncaster  in  Abraxas  groastUariata  and  by  Standluss  in  Aglia  tau,  where  the 
proportions  of  the  sexes  belonging  to  two  varietal  types  foUowed  peculiar  but  con- 
sistent systems,  are  evidently  to  be  referred  to  the  effects  of  oouphngi  as  Doncaster 
has  shown. 
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While  knowledge  has  of  late  progressed  so  rapidly  in  r^ard  to 
many  genetic  phenomena,  we  still  know  next  to  nothing  of  the  facts 
relating  to  the  incidence  of  partial  sterility  among  heterozygous  forms, 
Guyer  found  that  the  abnormality  of  which  the  steriUty  of  hybrid 
pigeons  is  the  expression  begins  in  the  reduction-division  and  is 
apparent  as  an  entanglement  of  the  chromosomes  which  fail  to  divide. 
In  many  cases  sterility  is  partial;  and  for  example,  a  proportion  of 
good  pollen-grains  occurs  mixed  with  the  aborted  grains.  Fuller 
examination  of  these  cases  would  probably  lead  to  interesting  results. 

In  selecting  facts  which  tend  to  limit  our  outlook  on  the  phenomena 
of  heredity  I  have  naturally  chosen  to  speak  rather  of  features  which 
are  positive  and  mutually  consistent  than  of  the  many  negative  and 
thus  far  conflicting  items  of  evidence  which  must  perhaps  one  day  be 
allowed  their  weight.  The  real  value  of  these  negative  and  frequent 
doubtful  observations  is  as  yet  so  uncertain  that  they  must  be  regarded 
rather  as  hints  to  be  followed  in  the  pursuit  of  facts  than  as  facts 
already  ascertained. 

Allelomorphism,  as  we  are  becoming  more  and  more  disposed  to 
believe,  consists  in  the  separation  of  a  positive  something  from  the 
aT)sence  of  that  something.  More  correctly,  perhaps,  we  should  say 
that  the  thing  which  conveys  a  certain  power  segregates,  leaving  in 
that  cell-division  no  representative  of  that  power  behind.  This 
allelomorphism  is  the  one  fact  of  which  we  have  the  clearest  proof.  It 
may  govern,  as  we  have  seen,  features  of  the  utmost  diversity.  What 
then  is  that  allelomorphism  ?  An  essential  phenomenon  of  cell-divi- 
sion, it  is  not :  for  in  homozygous  organisms  the  products  of  division 
are  alike.  Any  theory  of  heredity  must  include  and  recognize  both 
these  two  kinds  of  division  in  its  purview.  We  seek  vainly  as  yet  for  a 
scheme  by  which  these  two  sorts  of  division  may  be  represented. 

I  do  not  know  that  analogy  is  helpful  in  these  cases,  but  in  my  own 
mind  I  sometimes  remember  in  this  connection  that  the  somatic  divi- 
sions themselves  are  also  of  two  types.  There  are  segmentations 
which,  as  in  radial  animals  or  bilateral  animab,  divide  similar  parts 
from  each  other,  and  there  are  abo  the  serial  divisions  by  which  series 
of  differentiated  segments  are  produced.  It  seems  to  me  just  possible 
that  the  heterogeneity  among  the  differentiated  segments  may  have  some 
point  of  real  resemblance  to  the  heterogeneity  of  allelomorphs.  I  sug^ 
gest  this  comparison  with  only  a  faint  hope  that  it  may  prove  sound. 

Lastly,  any  scheme  of  heredity  must  be  able  to  recognize  the 
possibility  of  gametic  coupling  between  allelomorphs  belonging  to 
distinct  pairs,  and  though  few  such  couplings  have  yet  been  proved, 
we  have  good  reason  to  believe  that  yet  other  systems  of  couplings  of 
much  higher  complexity  exist. 

Loeb  encourages  us  to  look  to  chemistry  for  the  fulfilment  of 
our  hopes,  and  often,  as  in  the  case  of  the  sweet  peas,  of  which  I  have 
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spoken,  we  come  very  near  indeed  to  something  like  simple  chemical 
phenomena.  Of  chemistry  I  know  little,  but  I  would  ask  those  who 
are  experts  in  chemistry  whether  it  is  in  harmony  with  chemical  con- 
ceptions that,  in  all  the. range  of  characters  with  which  we,  breeders, 
have  dealt,  no  phenomenon  suggestive  of  valency  between  characters 
has  been  observed.  Everywhere  we  meet  the  fact  that  on  an  average 
the  number  of  germ  cells  in  which  our  allelomorphs  are  present  is  the 
same  as  the  number  in  which  these  allelomorphs  are  absent.  What- 
ever the  kind  of  characters  concerned,  equality  of  number  is  the  rule. 
While,  therefore,  we  see  very  readily  that  the  operations  of  the  allelo- 
morphs are  due  to  chemical  action,  allelomorphism  itself  cannot  be 
expected  to  prove  a  chemical  phenomenon  in  any  simple  sense. 
Allelomorphism  is  rather  to  be  compared  to  the  separation  of  sub- 
stances which  will  not  mix,  and  it  is  not  impossible  then  in  some  of  our 
more  complex  cases  we  are  concerned  with  various  phenomena  of 
imperfect  mixture.  The  elucidation  of  this  part  of  the  subject  must 
be  left  to  the  physicist. 

I  can  not  conclude  without  expressing  something  of  the  delight 
which  I  feel  that  biologists  are  at  length  devoting  themselves  in  good 
earnest  to  genetic  problems. 

To  those  whose  memories  go  back  even  to  the  International 
Congress  of  1898  in  Cambridge  the  change  is  indeed  amazing.  Then 
we  spoke  little  of  genetics  —  little,  that  is  to  say  aloud,  or  in  official 
programs,  though  under  our  breath  some  of  us  were  murmuring  of 
these  things.  In  this  Congress  the  voices  that  we  dared  not  raise  in 
1898  are  rather  in  danger  of  hoarseness  from  too  much  speaking.  But, 
seriously,  we  students  of  genetics  may  look  forward  to  tiie  future  with 
great  confidence  and  hope.  Those  who  next  week  will  see  Professor 
Davenport's  magnificent  institution  at  Cold  Spring  Harbor  will  appre- 
ciate that  a  wonderful  and  most  hopeful  beginning  has  been  made. 
The  work  of  Professor  Davenport  and  his  staff,  of  Professor  Castle,  at 
Harvard,  of  Professor  Tower,  at  Chicago,  and  of  others  I  might  name, 
are  all  evidences  that  a  great  and  combined  advance  has  begun.  We 
in  Europe  will  bear  our  part  also,  and  if  we  have  not  any  very  fine 
equipment  we  must  console  ourselves  with  the  thought  that  light- 
armed  troops  may  move  the  faster  for  a  while.  With  their  base  on  Cold 
Spring  Harbor,  or  Woods  Holl  and  the  Biologische  Versuchsanstalt  in 
Vienna,  the  allied  armies  of  genetics,  cytology  and  experimental  zoology 
start  for  the  grand  attack;  and  I  think  when  we  meet  at  the  end  of 
another  period  of  ten  years,  there  will  be  victories  to  record. 
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The  aim  of  this  short  communication  is  to  put  in  a  plea  for  the 
hypothesis  of  germinal  struggle  and  selection,  which  perhaps  deserves 
more  consideration  than  it  seems  to  have  received. 

In  general  terms,  the  theory  which  Weismann  suggested  in  1895 
is  an  extension  of  the  biological  concept  of  "struggle"  to  the  unit 
elements  of  the  germ-plasm.  There  is  inter-societary  struggle,  e.  g. 
among  ants  and  among  men;  there  is  "personal"  struggle  in  many 
forms;  there  is  intra-organionial  or  histonal  struggle,  a  competition 
among  organs,  tissues,  and  cells.  Weismann  proposed  to  extend  the 
formula  further  —  he  pictured  a  struggle  even  in  the  penetralia  of 
the  germ-plasm. 

Although  Weismann  does  not  favor  the  idea,  it  may  be  useful 
to  interpolate  a  form  of  struggle  and  selection  between  histonal  selec- 
tion and  germinal  selection.  There  may  be  a  struggle  among  the 
germ-celb  as  such. 

(1)  There  is  a  well-known  struggle  between  potential  ova,  clearly 
illustrated  in  Hydra  and  Tubularia,  where  only  one  egg-cell  usually 
survives  out  of  a  numerous  sisterhood.  This  reminds  us  of  the  strug- 
gle among  sister  queen-bees.  (2)  There  is  a  kind  of  struggle  among 
the  hundreds  of  spermatozoa  in  their  race  towards  the  ovum.  Allow- 
ing a  margin  for  chance,  the  most  vigorous  and  sensitive  spermatozoa 
will  tend  to  succeed,  and  this  will  be  for  the  advantage  of  the  species. 
We  are  quaintly  reminded  of  the  race  between  drones  to  overtake 
the  queen  in  her  nuptial  flight.  (3)  There  may  also  be  a  struggle 
between  ova  and  spermatozoa,  if  it  be  true  as  Iwanzoff  and  others 
report  that  young  ova  may  sometimes  literally  digest  intruding  sperms ; 
if  it  be  true,  as  Maupas  reports,  that  in  Rhabditis  and  some  other 
nematodes  only  the  first  third  of  the  ova  can  be  fertilized,  there 
being  no  sperms  left  for  the  two  thirds  produced  later. 

Our  point  is  that  the  visible  struggle  among  gametes,  and  the  fre- 
quently discriminate  nature  of  the  ensuing  selection,  leads  us  natu- 
rally to  germinal  selection  which  deals  with  the  wholly  invisible. 

Weismann's  theory  is  familiar  and  need  not  be  restated.  The 
essential  features  are :  (a)  that  the  germ-plasm  consists  of  an  army 
of  living  determinants,  each  kind  of  determinant  being  present  in 
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multiplicate ;  (fc)  that  these  have  the  capacity  of  feeding,  growing, 
and  multiplying;  (c)  that  they  vary  in  vigor  and  assimilating  power; 
and  (d)  that  a  struggle  and  selection  ensues.  "  If  the  germ-plasm  be 
a  system  of  determinants,"  he  says, "  then  the  same  laws  of  struggle  for 
existence  in  regard  to  food  and  multiplication  must  hold  sway  among 
its  parts  that  hold  sway  in  all  systems  of  vital  units, —  among  the 
biophors  which  form  the  protoplasm  of  the  cell-body,  among  the  cells 
of  a  tissue,  among  the  tissues  of  an  organ,  among  the  organs  them- 
selves, as  well  as  among  the  individuals  of  a  species  and  between 
species  which  compete  with  one  another."  At  this  point  I  may  note 
that  the  whole  theory  is  of  course  untenable  if  we  reject  altogether 
the  concept  of  representative  vital  units.  But  surely,  in  spite  of  Delage 
and  others,  this  concept  has  come  to  stay.  Whether  we  take  De  Vries's 
Mutation  theory,  or  the  Mendelian  theory  of  the  segregation  of  charac- 
ters in  the  gametes,  we  are  led,  as  on  Weismann's  view,  to  a  theoretical 
conception  of  elementary  units.  Similarly,  the  late  W.  F.  R.  Weldon, 
in  referring  to  Galton's  Law  of  Ancestral  Inheritance,  noted  that  this 
theory  postulates  the  presence  of  active  or  dominant  and  latent  or 
recessive  elements. 

In  many  cases,  it  seems  to  us,  some  form  of  Galton's  Law  fits  the 
facts  statistically,  and  we  believe,  therefore,  that  it  applies  approxi- 
mately to  a  certain  number  of  individual  cases.  Its  general  idea  of 
the  inheritance  as  a  living  mosaic  is  the  same  as  Weismann's  theory 
of  ancestral  plasms.  It  is  interesting  to  notice  that  Galton  really 
seems  to  go  further,  and  to  picture  a  germinal  struggle.  "It  would 
seem,"  he  says, "  that  while  the  embryo  is  developing  itself,  the  particles 
more  or  less  qualified  for  each  post  wait,  as  it  were,  in  competition  to 
obtain  it.  Also  that  the  particle  that  succeeds  must  owe  its  success 
partly  to  accident  of  position,  and  partly  to  being  better  qualified  than 
any  equally  well-placed  competitor  to  gain  a  lodgment." 

As  is  well  known,  Weismann  supposed  that  when  a  determinant 
corresponding  to,  let  us  say,  a  useless  structure  varies  in  a  minus 
direction  (through  the  intragerminal  fluctuations  of  nutrition),  it 
finds  itself  on  an  inclined  plane,  along  which  it  glides  very  slowly, 
but  steadily  downwards.  The  determinant  whose  assimilative  power 
is  weakenai  by  ever  so  little  is  continually  being  robbed  by  its  neigh- 
bors of  a  part  of  the  nourishment  that  flows  towards  it,  and  must 
consequently  become  further  weakened.  On  the  other  hand,  when 
personal  selection  favors  the  increase  of  a  useful  part,  i.  e,  favors 
individuals  whose  inheritance  includes  strong  determinants  of  that 
part  varying  in  a  plus  direction,  then  the  internal  struggle  backs  up 
the  external  sifting.    In  short,  nothing  succeeds  like  success. 

I  need  not  follow  the  theory  into  its  subtleties.  I  need  simply 
recall  how  Weismann  emphasizes  the  following,  among  other,  ad- 
vantages. It  suggests  an  interior  mechanism  which  interprets  the 
occurrence  of  definitely  directed  variations,  the  occurrence  of  appro- 
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priately  useful  variations  at  the  right  place  and  time,  the  diminution 
of  organs  below  the  level  reached  by  personal  selection  or  its  cessation 
(panmixia),  the  occasional  exaggeration  of  organs  beyond  the  limits 
of  demonstrable  utility,  the  simultaneous  occurrence  of  many  similar 
variations,  and  so  on.  Is  it  not  all  written  in  the  lectures  on  the  Evo- 
lution Theory  ?  The  question  is  whether  the  idea  is  a  clarifying  con- 
cept.   Do  its  advantages  outweigh  the  difficulties? 

(A)  It  has  been  objected  that  the  whole  concept  of  germinal  selec- 
tion is  visionary  and  unverifiable.  But  the  same  may  be  said  of  many 
clarifying  scientific  concepts.  The  point  is,  does  this  hypothetical 
construction  enable  us  to  interpret  the  facts  better,  does  it  harmonize 
with  visible  facts,  is  it  consistent  with  what  we  know  of  the  behavior 
of  observable  living  units?  We  think  the  answer  should  be  in  the 
affirmative.  The  concept  of  germinal  selection  deals  with  an  invi^ble 
world,  but  it  helps  us  to  understand  such  facts  as  the  dwindling  of 
vestigial  organs,  the  definiteness  of  variation,  the  excessive  growth 
of  more  or  less  indifferent  parts,  the  persistence  of  indiflFerent  mal- 
formations, for  a  limited  number  of  generations. 

(B)  It  has  been  objected  that  we  cannot  think  of  determinants 
struggling  for  food.  But  why  not  ?  Size  is  an  irrelevant  consideration. 
The  germ-cells  in  the  ovary  of  Hydra  devour  one  another  just  as  really 
as  the  embryos  of  the  dog-whelk  in  their  egg-capsules  on  the  shore, 
just  as  really  as  the  locusts  in  a  swarm.  If  there  is  competition  among 
cells,  why  not  among  the  chromosomes  within  the  cell,  why  not 
among  the  determinants  within  the  chromosomes  ? 

But  is  not  the  supply  of  food  brought  by  the  vascular  fluids  always 
more  than  sufficient?  Who  can  tell?  Let  us  think  of  the  legions 
upon  legions  of  ova  in  many  an  ovary,  e,  g,  of  fishes.  Moreover,  it 
by  no  means  follows  that  all  the  food  supplied  is  equally  appropriate, 
or  that  all  the  homologous  determinants  are  equally  able  to  get  it 
and  use  it.  As  Weismann  says,  an  observer  from  the  moon  might 
infer  from  the  food-supplies  continually  pouring  into  Berlin  that  it 
was  quite  impossible  that  any  inhabitant  should  not  have  more  than 
enough. 

(C)  The  third  objection  is  that  the  theory  is  quite  gratuitous, 
since  the  results  of  evolution  can  be  interpreted  without  this  extension 
of  the  selection-process  into  the  invisible  microcosm  of  the  germ-plasm. 
In  answer  to  thess  three  objections,  I  must  refer  to  Weismann's 
original  essays  and  later  lectures  on  germinal  selection. 

Prof.  T.  H.  Morgan  writes:  "Weismann  has  piled  up  one  hy- 
pothesis on  another  as  though  he  could  save  the  theory  of  natural 
selection  by  adding  new  speculative  material  to  it.  The  most  unfor- 
tunate feature  is  that  the  new  speculation  is  skilfully  removed  from 
the  field  of  verification,  and  invisible  germs,  whose  sole  functions  are 
those  which  Weismann's  imagination  bestows  on  them,  are  brought 
forward  as  though  they  could  supply  the  deficiencies  of  Darwin's 
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theory.  This  is,  indeed,  the  old  method  of  the  philosophizers  of  nature. 
.  .  .  The  worst  feature  of  the  situation  is  not  so  much  that  Weismann 
has  advanced  new  hypothesis  unsupported  by  experimental  evidence, 
but  that  the  speculation  is  of  such  a  kind  that  it  is,  from  its  very  nature, 
un verifiable,  and  therefore  useless." 

These  are  hard  words,  but  I  am  not  sure  that  they  are  so  scien- 
tific as  they  sound.  Most  of  us  believe  in  Natural  Selection,  and  yet 
even  the  attempts  to  verify  the  theory  are  few  and  far  between.  I 
need  hardly  mention  the  unverifiable  nature  of  many  fruitful  physical 
hypotheses,  such  as  that  of  the  ether-  It  would  be  more  to  the  point 
to  show  that  Weismann's  imaginative  picture  of  what  may  go  on 
within  the  microcosm  of  the  germ-plasm  is  in  any  way  contradictory 
to  known  biological  results.  The  point  is  whether  the  hypothesis 
helps  us  to  redescribe  any  of  the  puzzling  phenomena  of  inheritance, 
in  terms  of  a  process  which  is  simply  a  logical  extension  of  the  selec- 
tive processes  known  to  occur  at  many  other  levels. 

A  Suggestion.  —  Accepting  the  concept  of  representative  particles 
in  the  germ-plasm,  which  seems  to  us  almost  demanded  by  the  facts 
of  particulate  inheritance  alone,  and  postulating  some  sort  of  germinal 
struggle  among  these  living  units,  which  seems  to  us  warranted  by 
what  we  know  of  the  behavior  of  visible  living  units,  —  it  seems  at 
least  interesting  to  ask  whether  we  need  limit  the  conception  of  ger- 
minal struggle  to  a  competition  between  homologous  determinants, 
as  Weismann  always  does. 

In  personal  selection,  there  are  three  types  of  struggle,  classified 
according  to  the  parties  involved,  —  (a)  between  kindred  or  ho- 
mologous organisms,  (fc)  between  organisms  which  are  not  akin,  and 
(c)  between  organisms  and  the  environment.  Logically,  we  may 
look  for  the  same  three  modes  of  struggle  in  the  course  of  germinal 
selection.  They  might  be  illustrated  (a)  by  struggle  between  maternal 
and  paternal,  or  between  parental  and  grand-parental  homologous 
determinants  of  a  single  determinate;  (6)  by  struggle  between  deter- 
minants of  quite  different  kinds,  e.  g,  between  determinants  of  the 
notochord  and  those  of  its  more  effective  substitute,  the  backbone; 
and  (c)  by  struggle  between  all  or  any  of  the  determinants  and  a 
disturbing  external  influence,  such  as  some  toxin  in  the  parents'  blood, 
or  some  change  in  the  osmotic  conditions  of  the  sea-water. 

Testing  the  Theory.  —  The  progressive  course  seems  to  be  to 
take  sets  of  facts  from  different  fields,  and  to  see  whether  the  key 
which  Weismann  has  given  us  does  or  does  not  fit. 

(1)  There  is  the  familiar  fact  of  the  difficulty  —  in  most  cases, 
the  impossibility  —  of  predicting  the  result  of  pairing  two  organisms. 
We  have  Galtonian  and  Mendelian  predictions  sometimes  justified 
on  the  average,  but  how  often  the  individual  result  seems  anomalous, 
—  just  what  we  should  expect  if  germinal  struggle  is  a  reality. 

(2)  There  is  the  famihar  fact  of  preponderant  or  exclusive  inherit- 
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ance.  If  we  suppose  that  ovum  and  spermatozoon  have  each  a  com- 
plete organization  of  hereditary  qualities,  and  that  the  fertilized  ovum 
has  determinants  for  particular  structures  from  both  parents  and 
from  the  ancestors  of  both  parents,  may  we  not  interpret  the  heredi- 
tary expression  of  only  one  set,  by  supposing  that  there  is  a  stru^le 
for  expression  between  the  various  sets,  —  a  struggle  in  which  the 
most  vigorous  have  for  the  time  the  mastery  ? 

(3)  In  the  successive  children  of  a  large  family  there  is  sometimes 
an  interesting  change  in  the  direction  of  preponderance.  Suppose  a 
virile  middle-aged  father  and  a  much  younger  mother;  the  older 
children  may  be  markedly  of  the  paternal  type,  the  younger  as  mark- 
edly maternal.  Suppose  germinal  struggle  to  occur  before,  during, 
and  after  fertilization ;  recall  the  fact  that  the  ova  tend  to  be  more 
stable  than  the  spermatozoa,  being  formed  and  to  some  extent  fixed 
in  very  early  days,  while  the  spermatozoa  continue  to  appear  in  crop 
after  crop.  At  first  there  is  a  victory  on  the  part  of  the  determinants 
of  the  relatively  prepotent  father;  but  gradually,  in  his  post-mature 
spermatogenesis,  there  is  a  weakening  of  paternal  determinants  such 
that  in  fertilization  those  from  the  mother  have  now  a  better  chance 
of  asserting  themselves.  Naturally  enough,  the  Benjamin  is  the 
image  of  his  mother,  and  after  his  father's  own  heart. 

(4)  Take  one  or  two  results  of  experiment.  Prof.  Cossar  Ewart 
relates  that  a  very  young  pigeon  of  hooded  or  frilled  breed,  mated 
with  an  old  one,  had  at  first  smooth-headed  and  smooth-breasted 
young,  while  those  of  later  broods  had  the  specialized  characteristics. 
May  this  not  mean  that  in  the  too  young  ova  the  more  novel  deter- 
minants yield  to  old-fashioned  combinations.  After  a  period  of 
nutrition,  however,  they  become  strong  enough  to  assert  themselves, 
strong  enough  to  be  prepotent  even  when  the  pigeon  is  crossed  with 
another  breed.  Both  in  rabbits  and  sea-urchins  there  is  a  relation 
between  the  direction  of  preponderance  and  the  relative  ripeness  or 
staleness  of  the  ova  and  spermatozoa.  May  not  this  be  reasonably 
interpreted  in  terms  of  a  determinant  struggle  ? 

(5)  As  to  the  determination  of  sex  everthing  seems  to  point  to  the 
differentiation  of  two  kinds  of  germ-cells  (ova,  at  least)  with  ten- 
dencies towards  developing  into  sperm-producers  or  males,  and  egg- 
producers  or  females.  Perhaps  this  primarily  means  a  cytoplasmic 
bias  in  the  regime  of  metabolism,  a  slight  alteration  in  the  ''physiologi- 
cal gearing."  When  the  time  for  expression  arrives,  may  there  not  be 
a  kind  of  germinal  struggle  between  analogous  feminine  and  mascu- 
line determinants,  the  issue  of  which  decides  which  are  to  find  expres- 
sion in  development,  and  which  are  to  remain  latent  ? 

(6)  In  Mendelian  inheritance  we  have  to  face  the  diflSculty  of 
the  segregation  of  the  gametes  into  two  camps.  How  does  each  set 
separate  from  its  incompatible  neighbor  set  ?  Is  there  a  differential 
division  leading  to  the  establishment  of  pure  potential  dominant 
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gametes  and  pure  potential  recessive  gametes?    May  it  not  be  an 
expression  of  a  struggle  between  opposed  alternative  determinants  ? 

(7)  If  a  segregation  of  pure  gametes  be  not  assumed,  if  the  gametes 
are  all  of  one  kind,  dominant  primary  constituents  gaining  the  ascend- 
ancy in  some,  recessive  primary  constituents  gaining  the  ascendancy 
in  others,  —  may  not  this  be  the  outcome  of  a  real  struggle  among 
homologous  detenninants,  resulting  in  a  victory  here  for  the  domi- 
nants, there  for  the  recessives,  and  in  a  sort  of  compromise  in  a  third 
set  ?  May  not  a  practical  purity  of  the  gametes  be  attained  through 
germinal  selection  ? 

(8)  If  we  take  Mr.  Hurst's  beautiful  experiments  in  crossing  gray 
and  albino  rabbits  —  a  triumph  of  experiment  on  heredity  —  we  find 
him  saying:  "The  particular  color  of  a  rabbit  or  mouse  is  not  a 
simple  character  depending  on  the  presence  of  a  single  factor,  but  a 
double  one,  depending  on  interaction  between  one  factor  and  another, 
each  factor  being  transmitted  independently  in  heredity."  It  seems 
to  us  that  statements  like  this  land  us  in  close  approximation  to  Weis- 
mann's  general  idea  of  germinal  struggle  and  selection. 

(9)  Finally,  may  I  submit  that  if  the  hypothesis  of  a  struggle 
among  determinants  be  legitimate,  then  we  see  our  way  to  a  somewhat 
less  indefinite  hypothesis  as  to  the  conditions  of  variation  than  is 
suggested  by  saying  that  nutritive  or  other  changes  in  the  germinal 
environment  provoke  oscillations  in  the  architecture  of  the  germ- 
cells,  and  a  more  vital  hypothesis  than  is  suggested  by  the  idea  of  a 
shuffling  of  the  chromosome-cards  in  maturation  and  amphimixis. 
Again,  we  have  a  Mutation-Theory,  but  no  Theory  of  Mutations. 
Perhaps  it  may  be  found  provisionally  in  the  hypothesis  of  germinal 
struggle  and  selection. 

If  there  are  determinants;  if  they  feed,  grow,  multiply,  and  vary; 
if  there  are  inequalities  amongst  them,  as  there  may  well  be,  since 
some  are  older  and  others  younger,  and  many  have  had  different 
histories,  then  there  may  be  a  struggle  amongst  them  such  that, 
as  in  the  wide  world  of  nature,  the  weaker  may  go  to  the  wall,  the 
relatively  fitter  may  survive,  and  all  manner  of  subtle  mutual  adjust- 
ments may  be  arrived  at.  I  know  that  all  this  is  apt  to  become  very 
anthropomorphic  speculation,  but  then  the  determinants  are  cUive. 
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GENERATION  AND  DEGENERATION  OF  SEX  CELLS 

J.  P.  MUNSON 

The  sex  cells  being  ancestors,  so  to  speak,  of  all  that  great  variety 
of  cells  which  constitutes  the  fully  developed  organism,  and  maintain- 
ing an  independent  existence*  for  a  considerable  period,  in  which  they 
undergo  marked  changes  in  form,  oflFer  exceptional  opportunities  for 
the  study  of  the  life  phenomena  of  cells  in  general. 

While  it  is  definitely  settled  that  there  can  be  no  real  generation 
of  sex  cells,  they  being  only  a  differentiation  of  a  continuous  germ 
plasm,  they  do  pass  Qirough  a  formative  stage,  and  besides  offer 
opportunities  for  study  of  many  problems  that  are  yet  obscure  and 
unsettled. 

Among  those  problems  may  be  mentioned:  (1)  their  mode  of 
specialization  from  a  comparatively  homogeneous  germ  plasm;  (2) 
the  problem  of  cell  multiplication ;  (3)  the  problems  of  nutrition, 
metabolism,  digestion,  and  assimilation;  (4)  the  conditions  of  then* 
healthy  development  and  growth;  and  (5)  the  probable  causes  and 
conditions  of  disease,  death,  and  decay. 

Since  the  sex  cells  are  destined  for  a  considerable  period  of  growth 
and  life  as  individual  cells,  and,  later,  for  a  social  life  among  their 
descendants,  they  contain  the  essentials  of  all  those  factors  which 
underlie  all  biological  problems,  including  morphology,  physiology, 
and  pathology. 

I  can  here  refer  only  to  some  of  the  most  important  facts  relating 
to  these  problems  that  I  have  observed.  I  cannot  draw  all  the  con- 
clusions these  observations  suggest,  nor  indicate  all  the  bearings  they 
may  have. 

A  most  peculiar  mode  of  generation  of  germ  cells  is  found  in  the 
testis  of  the  butterfly,  Papilio  rutulus. 

The  developed  testis  is  a  double  organ,  spherical  in  shape,  of 
considerable  size,  and  of  a  bright  red  color.  It  lies  in  the  abdominal 
cavity,  below  the  tubular  heart,  between  the  sixth  and  eighth  ab- 
dominal segments. 

The  testis  arises  from  a  union  of  a  right  and  a  left  testb,  which  in 
the  embryo  are  separate  and  also  spherical.  But  later  they  approach 
each  other,  becoming  flattened  on  their  contiguous  sides,  leaving  a 
groove  externally  which  indicates  the  point  of  union  of  the  two 
halves. 

Each  of  these  halves  consists  of  four  follicles,  the  latter  being 
expansion  or  termination  of  a  small  duct,  which,  like  those  of  a  race- 
mose gland,  is  a  branch  of  a  single  larger  duct,  the  vas  deferens. 
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Within  these  follicles  are  found  the  various  stages  of  sperm  cells, 
from  the  original  grandmother  stem  cell  to  the  fully  formed  sper- 
matocysts  and  spermatozoa. 

The  grandmother  stem  cell  seems  to  be  the  original  germ  cell, 
probably  one  of  the  original  cleavage  cells,  which  in  this  case,  but 
also  in  many  other  forms,  takes  the  place  of  a  germinal  epithelium. 

Originally  each  half  testis  arbes  as  an  expansion  of  the  gland  duct, 
having  at  first,  I  believe,  a  single  cavity,  which  later  becomes  parti- 
tioned off  into  four  chambers  or  follicles  by  the  growth  of  partitions. 

Within  thb  original  chamber,  one,  two,  three,  or  four  cells  remain 
as  the  only  representative  of  a  germinal  epithelium,  the  rest  of  the 
chamber  being  lined  by  a  pigmented  layer  of  indistinct  cells  to  which 
the  grandmother  cells  are  somehow  attached.  As  the  follicle  enlarges, 
the  original  grandmother  stem  cell,  of  which  there  is  only  one  in  each 
follicle,  remains  adherent  to  the  peripheral  wall. 

Origin  of  Spermatogones The  grandmother  stem  cell  is  char- 
acterized by  an  unusual  size  and  an  amoeboid  outline.  It  has  a  large 
nucleus,  which  is  sometimes  regular  in  outline,  but  usually  lobed 
or  variously  constricted.  The  cytoplscsm  is  homogeneous,  with  no 
trace  of  cytoreticulum  or  cytomicrosomes.  The  entire  surface  of 
the  cell  b  covered  with  long,  thin  protoplasmic  processes  or  strands, 
each  of  which  has  connected  with  its  peripheral  end  a  well-defined 
oval  cell  having  a  regular  nucleus  rich  in  chromatin.  I  have  called 
these  peripheral  cells  the  mother  branch  cells. 

Numerous  small  nuclei  are  imbedded  in  the  peripheral  proto- 
plasm of  the  grandmother  stem  cell,  and  also  surround  the  proto- 
plasmic strands  or  pseudopodia. 

The  mother  branch  cells  divide  mitotically,  the  spindle  being 
always  in  the  long  axb  of  the  cell  and  vertical  to  the  surface  of  the 
grandmother  stem  cell. 

When  the  mother  branch  cell  divides,  the  proximal  half  remains 
attached  to  the  original  strand,  and  apparently  grows  to  its  original 
size,  when  it  divides  again  and  again. 

The  dbtal  half  becomes  entirely  separated  off  after  division,  and 
at  the  same  time  one  or  more  of  the  mantle  nuclei  b  pinched  off 
with  it.  These  two  cells  are  the  anlage  of  the  gonocyst,  —  the  one 
by  repeated  divbion  giving  rbe  to  the  spermatogones,  the  attached 
mantle  nuclei  giving  rbe  to  the  cyst  celb.* 

In  thb  way,  the  original  grandmother  stem  cell  becomes  the  center 
of  a  group  of  gonocysts  ranging  all  tKe  way  from  a  single  spermatogone, 
with  its  accompanying  cyst  nucleus,  to  cysts  of  fifty  or  a  hundred  or 
more  spermatogones.  These  being  entirely  free  from  the  original 
grandmother  stem  cell,  move  away  as  the  new  cysts  develop,  and 
become  arranged  along  the  outer  walb  of  the  follicles,  where  they 

*  Munson,  Spermatogenesis  of  the  Butterfly  {PapUio  ruiidus)^  Proceedings, 
Boston  Soc.  Natural  History,  33,  No.  3. 
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are  gradually  transfonned  into  cytocysts  and  spermatocysts  contain- 
ing mature  spermatozoa. 

Homology  of  the  Grandmother  Stem  Cell.  — If  the  grand- 
mother stem  cell  with  its  numerous  mother  branch  cells  be  compared 
with  the  egg  and  its  follicle  in  the  same  insect,  they  are  found  to  be 
strikingly  similar.  The  four  follicles  of  a  testis  evidently  correspond 
to  the  four  egg  tubes  found  in  the  ovary.  Both  the  cytoplasm  and 
the  nucleus  of  the  grandmother  stem  cell  resembles  closely  the  ova- 
rian egg.  Indeed  this  peculiar  cell  is  so  much  like  an  egg  sur- 
rounded by  a  follicle,  that  if  one  did  not  know  he  was  examining  a 
testis,  he  would  at  once  recognize  it  as  an  ovarian  egg. 

In  the  ovary  the  young  growing  eggs  may  be  seen  to  have  a  similar 
relation  to  the  follicle  cells,  being  connected  with  them  by  delicate 
protoplasmic  fibers  proceeding  from  the  periphery  of  the  egg.  One 
is  therefore  tempted  to  express  the  following  conclusion,  which  it 
might  be  worth  while  to  bear  in  mind  in  studying  other  forms ;  namely, 
the  grandmother  stem  cell  in  the  male  is  homologous  to  the  e^  in 
the  female  butterfly.  The  follicle  of  the  testis  is  homologous  to  the 
ovarian  tube  of  the  female;  while  the  mother  branch  cells  are  homol- 
ogous to  the  follicle  cells  of  the  ovary ;  the  small  mantle  cells  which 
in  the  male  give  rise  to  the  cyst  cells,  including  the  head-nurse  cell, 
are  homologous  to  the  so-called  food  cells  of  the  insect  ovary. 

If  this  is  true,  then  the  difference  between  the  male  and  tfie  female 
lies  in  the  fact  that  in  the  male  the  follicle  cells  (mother  branch  cells) 
multiply  and  give  rise  to  the  sperm  cells;  while  the  grandmother  cell, 
instead  of  multiplying  by  division  as  does  the  egg,  has  lost  this 
power,  having  assumed  the  function  which  the  follicle  celb  perform 
in  the  ovary. 

Properly  considered,  this  is  not  so  impossible  as  at  first  view  it 
may  appear.  I  have  found  in  the  ovary  of  the  tortoise  Clemmys 
marmorata  *  that  the  egg  and  the  follicle  cells  have  originally  the 
same  origin,  the  follicle  cells  being  sister  cells  of  the  egg,  and  aris- 
ing with  the  egg  from  division  of  an  original  germ  c*ell  or  oogonium. 

While  in  the  ovary  the  follicle  cells  are  in  a  sense  somatic  cells, 
as  regards  the  egg,  in  the  testis,  these  very  somatic  cells  are  the  germ 
cells,  which  by  multiplication  give  rise  to  spermatozoa.  The  great 
number  of  these  latter,  as  compared  with  the  eggs  that  are  required, 
are  thus  provided  for.  Possibly  we  may  here  have  a  clue  to  the  essential 
difference  between  the  male  and  the  female  in  general.  The  subject 
should  receive  further  investigation  in  other  forms. 

Division  of  Spermatogones.  —  During  division  of  the  sperma^ 
togones,  a  spindle  is  formed  in  the  usual  way,  the  chromosomes 
being  spherical  and  twenty-eight  in  number. 

At  the  conclusion  of  division,  the  intermediate  fibers  of  the  spindle 

'  Munson,  Researches  on  the  Oogenesis  of  the  Tortoise  (Clemmys  marmorata), 
American  Journal  of  Anatomy,  3,  No.  3. 
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form  a  very  distinct,  spherical  nebenkem  lying  close  to  the  nucleus. 
In  normal  karyokinesis,  the  nebenkem  is  gradually  absorbed  by  the 
nucleus  as  it  expands.  The  spindle  b  formed  entirely  at  the  expense 
of  the  nucleus,  and  consequently  the  spindle  fibers  have  a  nuclear 
origin.  On  the  reconstruction  of  the  nucleus,  this  fibrous  material 
of  the  spindle  is  again  absorbed  by  the  nucleus. 

Degeneration  of  Spermatogones*  —  In  many  cases  the  sperma- 
togones of  a  cyst  fail  to  develop  into  spermatocytes.  There  is  an  arrest 
of  development,  which  ultimately  leads  to  death  and  decay  of  all 
the  spermatogones  of  a  cyst.  In  such  cases  the  nuclei  fail  to  expand 
after  karyokinesis.  The  chromatin  then  always  lies  closely  packed 
into  a  solid  spherical  mass,  with  little  or  no  caryolymph  and  indis- 
tinct nuclear  membrane.  Apparently  the  chromatin  has  lost  the 
power  to  generate  the  caryolymph,  which  in  normal  mitosis  b  one  of 
the  principal  causes  why  the  nucleus  expands  again  into  a  new  nu- 
cleus, the  caryolymph  being  evidendy  secreted  within  the  chromatin. 

The  ultimate  result  of  this  failure  of  the  chromatin  is  the  gradual 
disintegration  of  the  spermatogones  and  the  falling  to  pieces  of  the 
cyst. 

The  cysts  float  in  a  fluid  which  fills  the  follicles  of  the  testis,  and 
the  disintegrated  cysts  become  diffused  throughout  this  fluid,  being 
at  least  partly  responsible  for  the  granules  it  contains.  It  seems 
probable  that  this  serves  as  a  food  material  for  the  other  healthy, 
growing  cysts. 

If  we  connect  these  observations  with  some  other  forms  we  may 
find  some  trace  of  an  explanation  of  what  has  happened  in  the  case 
of  the  ptermatogones,  which  thus  die  before  reaching  maturity. 

In  the  ovary  of  Limulus  cases  are  frequenUy  found  where  eggs 
are  similarly  arrested  in  their  development*  In  these  the  nucleus 
disappears  entirely,  and  the  cytoplasm  of  the  egg  becomes  crowded 
with  small  distinct  nuclei,  evidently  belonging  to  small  cells,  wander- 
ing cells,  or  phagocytes.  While  these  nuclei  are  very  distinct,  I  have 
never  been  able  to  make  out  the  outlines  of  the  cell  body,  and  have 
had  considerable  difficulty  in  convincing  myself  that  they  represent 
nuclei  belonging  to  cells  distinctly  differentiated  from  the  rest  of  the 
egg  cytoplasm.  From  the  latter  the  yolk  granules,  at  first  apparently 
normal,  become  gradually  removed,  leaving  the  transparent  cyto- 
plasm of  the  egg,  in  which  the  nuclei  seem  to  be  imbedded,  in  an 
apparendy  healthy  condition.  Even  the  egg  membrane  becomes  per- 
forated and  crumbles  to  pieces,  till  finally  the  whole  egg  disappears. 
It  is  not  easily  decided  whether  the  numerous  nuclei  have  resulted 
from  fragmentation  of  the  egg  nucleus,  or  whether  they  are  the  nuclei 
of  the  cells  that  have  entered  the  egg  as  phagocytes  from  without. 
The  fact  that  such  eggs  become  surrounded  finally  by  numerous  celb 

*  Munson,  the  Ovarian  Egg  of  Limulus,  a  contribution  to  the  problem  of  th^ 
oentrosome  and  yolk  nucleus,  Journal  of  Morphology ,  15,  No.  2,  1898. 
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may  signify  that,  instead  of  entering  the  egg  as  phagocytes,  they  are 
gradually  formed  from  the  egg  cytoplasm,  and  finally  become  wander- 
ing cells.  At  any  rate,  phagocytes  seem  never  to  attack  ^gs  with 
normal  nuclei  or  germinal  vesicle.  Everything  points  in  this  case, 
also,  to  the  fact  that  the  original  seat  of  the  trouble  is  in  the  nucleus. 

The  nucleus  of  the  egg  of  Limulus  is  generally  spherical  and 
large,  being  filled  with  a  hyaline  caryolymph  occupying  the  spaces 
between  the  chromatin  strands  of  the  nucleus. 

The  hyaline  caryolymph  in  this  case  comes  regularly  from  a  large 
spherical  chromatin  nucleolus,  which  is  apparently  but  an  aggrega- 
tion of  chromatin  substance.  Inside  thb  chromatin  substance  there 
is  produced  a  fluid  which  accumulates  in  the  center  of  the  nucleolus, 
making  it  often  seem  like  a  great  vacuole  surrounded  by  a  thin  shell 
of  chromatin  substance,  as  if  the  latter  were  being  used  up  in  the 
manufacture  of  the  fluid. 

At  times  under  the  influence  of  reagents  the  fluid  of  the  vacuole 
hardens  into  a  spherical,  solid  body,  which  results  in  the  formation 
of  an  endonucleolus  which  stains  differendy  from  the  nucleolus 
proper. 

It  can  be  shown  that  this  central  fluid  substance  is  extruded  from 
the  nucleolus  in  the  form  of  spherical  or  elongated  vesicles  contain- 
ing a  fluid.  These  vesicles,  on  being  extruded,  burst,  and  their  fluid 
contents,  constituting  the  caryolymph,  is  added  to  that  filling  the 
nucleus. 

Owing  to  the  production  of  this  caryolymph,  the  nucleus  becomes 
large  and  spherical.  But  it  does  not  remain  so;  numerous  cases 
occur  where  the  nucleus  has  become  gready  contracted  and  amoe- 
boid, being  devoid  of  hyaline  caryolymph.  The  latter  is  then  found 
outside  the  nucleus,  making  a  clear  ring  around  it. 

This  clear  ring  gradually  becomes  granular,  apparently  through 
contact  with  some  substance  in  the  cytoplasm,  probably  crude  food 
material.  This  ring  then  breaks  up  or  flows  throughout  the  cytoplasm, 
giving  rise  to  the  yolk  nucleus. 

I  have  made  many  similar  observations  on  the  egg  of  the  tortoise, 
Clcmmys  marmorata,  where  these  substances  coming  out  from  the 
germinal  vesicle  are  very  evident,  and  where  their  transformation 
into  yolk  or  stored-up  food,  metaplasm,  is  quite  apparent 

The  yolk  of  these  eggs  is  admittedly  food  material  stored  up  for 
the  future,  and  of  a  kind  easily  assimilated  as  the  developing  ^g 
needs  it. 

The  part  which  the  nucleus  plays  in  the  formation  of  this  yolk 
is  therefore  clearly  suggested;  namely,  the  chromatin  through  the 
intervention  of  the  nucleolus,  where  this  is  essentially  chromatin,  by 
some  unknown  chemical  process,  produces  the  caryolymph  at  the 
expense  of  the  chromatin.  This  caryolymph  passing  out  from  the 
nucleus,  as  the  gastric  juice  is  discharged  from  the  cells  of  the  gastric 
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glands,  acts  in  some  way  chemically  on  the  crude  food  entering  the 
cell,  thus  digesting  it,  apd  transforming  it  into  metaplasm,  —  a  form 
which  can  be  stored  up  for  future  use  or  be  assimilated  at  once  into 
the  living  substance  of  the  cell. 

We  are  therefore  brought  to  the  conclusion  that  the  nucleus  is  a 
digestive  organ,  serving  in  the  synthetic  metabolbm  of  the  cell,  —  a 
function  widiout  which  the  nutrition  and  hence  the  life  of  the  cell  is 
impossible. 

That  death  of  the  cell  should  result  from  a  failure  of  the  chromatin 
to  perform  this  function  b  what  we  should  expect.  It  is  hardly  neces- 
sary to  call  attention  here  to  the  numerous  experiments  showing  that 
in  a  divided  cell  like  a  stentor  or  a  paramoecium,  that  half  containing 
the  nucleus  survives  and  regenerates,  while  that  half  which  is  de- 
prived of  the  nucleus  dbintegrates. 

It  is  often  observed  that  amitosis  is  apt  to  occur  chiefly  in  cells  or 
tissues  that  are  approaching  dissolution,  such,  for  instance,  as  the  fol- 
licle cells  of  the  ovary  after  the  eggs  are  mature.  It  may  not  be  so 
certain  that  such  cells  actually  disintegrate.  From  my  own  observa- 
tions I  have  good  reason  to  suspect  that  such  cells  after  having  been 
specialized  for  some  particular  work,  like  the  egg  of  Limulus,  may 
be  reconstructed  back  to  the  undifferentiated  state  by  nuclear  frag- 
mentation or  amitosis,  and  assume  the  character  of  leucocytes  or 
wandering  ceUs.  It  seems  not  impossible,  from  what  I  have  seen  in 
the  regressive  metamorphosis  of  the  ^g  of  Limulus,  that  the  gradual 
absorption  of  the  larval  tail  of  a  tadpole  may  be  accomplished,  not  by 
phagocytes,  but  by  a  regressive  metamorphosis  of  the  tissue  cells  into 
the  more  primitive,  unspecialized  leucocytes  or  wandering  cells. 

From  the  medical  and  pathological  point  of  view,  it  is  important 
to  note,  too,  that  in  the  cases  mentioned  above  death  and  disintegra- 
tion of  ceUs  may  be  due  entirely  td  intrinsic  causes ;  that  germs  and 
phagocytes  attack  the  cells  after  they  have  died;  that  phagocytes 
remove  dead  ceUs  of  the  body  as  they  remove  other  foreign  bodies; 
that  the  cell  is  a  living  thing  carrying  on  the  vital  processes  of  diges- 
tion, assimilation,  and  reproduction;  and  that  an  essential  factor  in 
this  process  is  the  nucleus  which,  like  the  stomach  of  higher  forms,  is 
subject  to  abnormal  conditions  by  which  the  nutrition  of  the  whole 
cell  is  interfered  with,  and  starvation,  death,  and  disintegration  is  the 
result. 

Viewed  from  another  side,  we  see  even  the  germ  cells  engaged  in 
a  struggle  for  existence,  the  result  being  an  elimination  of  those  in 
any  way  defective  or  too  weak  to  maintain  themselves,  and  the  sur- 
vival of  the  stronger,  against  whom  bacteria  and  phagocytes  do  not 
prevail. 
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L.  RHUMBLER 

Meine  Herrschapten  :  Die  Thatsache,  dass  die  Vererbungser- 
scheinungen  vor  Ailem  in  Form  korperlicher  Eigentumlichkeiten  zur 
Beobachtung  kommen  und  die  aprioristische  Ueberzeugung,  dass 
Korperliches  nur  von  Korperlichem  herstammen,  nur  mit  Hilfe  von 
wieder  Korperlichem  zu  Stande  kommen  kann,  lasst  den  Schluss 
gerechtfertigt  erscheinen,  dass  den  vererbbaren  Korpereigentumlich- 
keiten  auch  korperliche  Ursachentrager  im  befruchteten  Ei  und  vor- 
her  in  den  beiderseitigen  Generationszellen  zu  Grunde  liegen  mussen. 
Jede  vererbbare  Eigentumlichkeit  muss  auf  stoffliche  Ursachentrager 
in  den  G^chlechtszellen  zuriickfuhrbar  sein,  das  ist  ein  Satz  der  sich 
dem  Vererbungstheoretiker  als  Basis  fur  seine  Theorie  aufdrangen 
wird.  Bezeichnen  wir  mit  Weisman  diese  mit  Notwendigkeit  fiir  die 
Hervorbildung  der  Korpereigentumlichkeiten  anzunehmenden  stofiF- 
lichen  Ursachentrager  in  der  Geschlechtszelle  als  Determinanten,  so 
erhebt  sich  die  fiir  den  Ausbau  der  Theorie  wichtige  Alternative,  ent- 
weder  06  jede  vererbbare  korperliche  Eigentumlichkeit  eine  besondere 
Determinante  in  den  Geschlechtszellen  b^itzen  muss,  oder  ob  vielleicht 
auf  Grund  irgendwelcher  Verhaltnisse  die  Zahi  der  Determinanten  in 
der  entvdcklungsfdhigen  KeimzeUe  kleiner  sein  kann,  als  diejenige  der 
wahrend  der  Embryogenese  entwickelten  vererbbaren  Korpereigen- 
tumlichkeiten. 

Wer  sich  zu  der  erstgenannten  Eventualitat  gezwungen  sieht,  wer 
also  behauptet:  "soviel  Vererbungseigentumlichkeiten  ebensoviel 
Determinanten  "  ist  Praeformist,  einerlei  wie  unahnlich  dem  spater 
Produzierten  er  auch  seine  anfanglichen  Determinanten  setzen  mag. 

Wer  dagegen  die  Zahl  der  Determinanten  geringer  setzt  als  die- 
jenige der  VererbungsstUcke  1st  Epigenetiker,  denn  er  muss  annehmen, 
dass  gesetzmassig  zwanglaufig  entstehende  VererbungsstUcke  von  De- 
terminanten aus  erzeugt  werden,  die  nicht  schon  von  anfang  an  in  der 
Keimzelle  vorhanden  sind,  sondem  erst  spater  im  Stoffwechselge- 
triebe  der  Embryonalentwicklung  gesetzmassig  entstehen. 

Wie  bei  der  empirischen  Feststellung  der  Embryogenese  sich  der 
epigenetische  Standpunkt  dem  praeformistischen  gegenliber  als  der 
allein  richtige  erwiesen  hat,  so  soUte  man  von  Vornherein  atu:h  in  der 
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Determinantenfrage  dem  epigenetischen  Standpunkt  die  grossere 
Wahrscheinlichkeit  zugestehen ;  es  ist  jedoch  eine  unleugbare  That- 
sache,  dass  die  praeformistischen  Theorieen  seither  die  grossere  Be- 
ach tung  gefunden  haben;  wohl  deshalb  weil  sie  (durch  Weismann 
vor  Allem)  die  weitgehendste  Durchbildung  erfahren  haben.  Um 
der  Kritik  der  praeformistischen  Determinantentheorieen  einen  festen 
Untergnind  zu  bieten,  soil  die  Weismannsche  Theorie  ab  Beispiel 
gelten. 

Weismann  sieht  sich  zur  Annahme  einer  ganz  ausserordentlich 
grossen  Zahl  von  Determinanten  gezwungen,  da  nach  seiner  Auffass- 
ung  nicht  bios  alle  erblichen  Eigentiimlichkeiten  des  erwachsenen 
Tieres,  sondern  auch  alle  Durchgangsstadien  dieser  Eigentiimlich- 
keiten vom  Ei  bis  zum  physiologischen  Tode,  ja  auch  die  Deter- 
minanten fiir  die  vielseitigen  eventuellen  Regenerationen,  und  fiir 
gelegentliche  atavistische  Riickschlage  bereits  in  dem  Determinanten 
material  der  Keimzellen  vertreten  sein  sollen,  und  zwar  nicht  bios 
einmal  sondern  mehrmab  zu  Vererbungseinheiten  hoherer  Stufe 
zusammengefiigt. 

Hat  die  hierzu  erforderliche  enonn  grosse  Zahl  von  Determinanten 
in  den  relativ,  kleinen  Chromosomen,  denn  diese  werden  ja  von  der 
Weismannschen  Theorie  als  die  Trager  der  Determinanten  ange- 
sehen,  iiberhaupt  Platz? 

Diese  Frage  ist  von  verschiedenen  Seiten  bald  bejaht  bald  ver- 
neint  worden. 

Wir  wollen  deshalb  eine  entsprechende  Berechnung  fiir  die  Chro- 
mosomen der  menschlichen  Genitalzellen  durchzufiihren  suchen. 

Flenmiing  hat  die  Chromosomenzahl  bei  Epithelzellen  der  mensch- 
lichen Cornea  auf  24  bestinmit ;  bei  den  Reif ungsteilen  der  mensch- 
lichen Genitalzellen  wiirden  denmach  12  Chromosomen  zu  erwarten 
sein;  diese  Zahl  "12"  stimmt  mit  einer  Schatzung,  die  Friedrich 
Meves  die  Giite  hatte  fur  meine  Zwecke  mir  brieflich  mitzuteilen. 
Was  nun  die  Grosse  der  Chromosomen  anlangt,  so  hat  Meves  an 
Material,  das  mit  Hermannschem  Gemisch  fixiert  war,  in  Spermato- 
cyten,  die  anscheinend  der  ersten  Generation  zugehorten,  auf  dem 
Stadium  des  Muttersternes  Stabe  gefunden,  die  durchschmittlich 
3  fJi  lang  und  2  /it  breit  waren;  woraus  sich  ein  Volumen  =  Ptt  3  = 
9,438  /It '  fiir  das  einzelne  Chromosom  ergiebt,  wenn  man  es  als  einen 
cylindrischen  Faden  {v  =  r*.  tt  A.)  nimmt. 

Wie  viel  Molekiile  kann  ein  solcheg  Chromosomvolumen  von 
9,  4  A*'  enthalten? 

Kendrik  kommt  in  Anlehnung  an  die  diesbeziiglichen  Berech- 
nungen  der  physikalischen  Chemie  zu  dem  Resultat,  dass  in  dem 
kleinsten  unter  dem  iiblichen  Mikroskop  noch  sichtbar  zu  machenden 
Teilchen  von  ^  /it  Durchmesser  ca.  1250  Molekiile  von  Eiweiss  ent- 
halten sind.  Nach  Errera's  unabhangig  und  auf  anderem  Wege  ge- 
wonnenen  Berechnungen  wiirden  auf  das  gleiche  Volumen  dieses 


Digitized  by 


Google 


334        VII.  INTERNATIONAL  ZOOLOGICAL  CONGRESS 

Minimum  visibile  von  ^fji  Durchmesser  1000  Molekiile  in  Anschlag 
zu  bringen  sein.  Wir  nehmen  als  Mittel  aus  diesen  beiden  befriedigend 
iibereinstimmenden  Berechnungen  an,  dass  in  jedem  kleinsten  kugK- 
gen  sichtbaren  Teilchen  der  Chromosome  im  Mittel  1125  Eiweissmole- 
kttk  angenommen  werden  diirfen.  Da  nun  jedes  unsrer  menschliehen 
Chromosomen  nach  der  vorher  ausgefiihrten  Berechnung  ein  Volumen 
von  9,4  M '  hat,  wahrend  das  kleinste  sichtbare  Teilchen,  aus  deden  es 
zusammengesetzt  ist,  wie  die  Berechnung  seines  Kugelvolumen  er- 
giebt  *  nur  0,000065  /* '  Inhalt  besitzt,  so  vermag  das  Chromosom  in 

Summa  =  ^'^^^^^..  1125,  das  ist  =  163  Millionen  350000  Mole- 
UjUOUOoo 

klile  einzuschliessen. 

Zur  Beantwortung  der  Frage,  ob  diese  163350000  Molekiile,  die  in 
einem  menschliehen  Chromosom  denkbar  sind,  ihrer  Zahl  nach  aus- 
reichen,  um  die  ganze  Menge  der  von  den  Praeformisten  fiir  die 
Keimzellen  verlangten  Determinanten  aufbauen  zu  konnen,  miissen 
wir  uns  nun  mehr  eine  ungefahre  Schatzung  iiber  die  Anzahl  der  not- 
wendigen  Determinanten  in  unserem  Beispiel  "Mensch  "  verschaflFen. 
Nach  Rauber's  Angaben  iiber  das  durchschnittliche  Volumen  des 
Menschen  und  das  Durchschnittsvolumen  seiner  ZeHen  berechnet 
sich  die  Anzahl  der  Zellen,  die  den  menschliehen  Korper  zusam- 
mensetzen,  abziiglich  des  Blutes  fiir  dessen  einzelne  Blutkorper- 
chen  ja  Weismann  keine  besondere  Determinanten  annimmt,  zu 
etwa  8  Billionen  (anders  geschrieben  8.10"  =  8000000000000) 
Zellen.  Wenn  wir  nun  die  Annahme  machen,  dass  jede  Korper- 
zelle  nur  von  einer  einzigen  Determinante  aus  in  ihrem  ontogene- 
tischen  Entwicklungsgang  bestimmt  werde,  so  miissten  hierzu 
allein  schon  (also  ohne  Beriicksichtigung  etwaiger  Ersatzdetenni- 
nanten)  in  dem  menschliehen  Ei  nicht  weniger  als  8  Billionen  Deter- 
minanten vorhanden  sein.  Vergleichen  wir  nun  diese  8  Billionen  mit 
der  Anzahl  der  fiir  ein  Chromosom  berechneten  163  Millionen  350000 
MolekUlen,  so  ergiebt  sich,  dass  die  Zahl  der  Molekiile  in  einem  Chro- 
mosom 50000  mal  kleiner  ist,  als  die  Anzahl  der  Zellen  in  einem  er- 
wachsenen  Menschen.  Es  gibt  also  ungefdhr  60000  mal  mehr  Zellen 
im  erwachsenen  menschliehen  Korper  als  Molekiile  in  einem  Chromosom 
menschlicher  Geschlechtszellen  vorhanden  sind.  So  grob  die  Annaher- 
ung  dieser  Werte  auch  sein  mag,  so  ist  doch  ganzlich  ausgeschlossen, 
dass  die  Grosse  des  angegebenen  Misverhaltnisses  innerhalb  des  Be- 
reiches  der  Fehlergrenzen  der  bei  der  Berechnung  gebrauchten  Werte 
gelegen  sei  und  wir  kommen  zu  dem  Schluss:  Es  kann  nicht  jede 
Korperzelle  fiir  sich  im  Chromosom  der  Geschlechtszellen  bereits 
einen  korperlichen  Ursachentrager  fiir  ihre  korperlichen  vererbbaren 
Eigentiimlichkeiten  besitzen,  der  auch  nur  den  Formwert  eines  ein- 
zigen  Molekiils   von   der    Grossenordnung   bekannter   organischer 

*  HA) '» -0,000065 /*•. 
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Molekiile  repraesentiere.  Bedenkt  man  nun,  dass  bei  den  von  uas 
postulierten  8  Billionen  Detenninanten,  noch  keine  Ersatzdetermi- 
nanten  fiir  R^nerationen  beriicksichtigt  sind,  dass  man  ferner  noch 
jeder  Zelle,  die  ja  nichts  weniger  ab  homogen  ist,  den  Besitz  vererb- 
barer  "lokaler  "  EigentiimlicU^eiten  also  auch  das  Anrecht  auf  dies- 
beziigliche  Determinanten  im  Keimplasma  zu  erkennen  muss/  so 
wird  man  einsehen,  dass  fiir  all  diese  Determinanten,  welche  die 
Determinations-Praeformisten  anzunehmen  gezwungen  sind,  nicht 
nur  nicht  in  einem  Chromosom,  sondern  wir  konnen  weiter  gehen 
und  sagen  selbst  in  der  gesamten  Zellkermnasse  nicht  genug  Mole- 
kiile vorhanden  sind,  um  auch  nur  jeweils  eine  Determinante  aus 
einem  einzigen  chemischen  Molekiil  bestehen  zu  lassen;  ganz  zu 
schweigen  von  jener  komplicierteren  Struktur  der  Detenninanten  wie 
sie  Weismann  von  der  Grundlage  seiner  Theorie  aus  folgem  musste. 

Diese  Betrachtungen  treiben,  wie  mir  scheint,  mit  geradezu  zwin- 
gender  Gewalt  zu  der  Einsicht,  dass  die  Determinations-Praeformisten 
mit  ihren  Anschauungen  im  Unrecht  sein  miissen  und  weisen  auch 
hier,  wie  einst  bei  der  Genese  der  embryonalen  Formwandlungen  die 
grossere  Berechtigung  den  Epigenetikern  zu;  sie  sprechen  iiber- 
zeugend  dafiir,  dass  ein  und  dieselbe  chemische  Verbindung  der 
Kern-  bezw.  der  Keimsubstanz  in  den  Keimzellen  gleichzeitig  nicht 
bloss  eine,  sondem  mehrere  Determinanten  enthalt,  also  dass  eine 
einzelne  chemische  Verbindung  innerhalb  der  Keimsubstanz,  die 
z.  T.  auch  im  Zellplasma  gelegen  sein  mag,  in  den  Entwickelungs- 
gang  "mehrerer"  vererbbarer  Korperstiicke  "bestimmend  aus- 
schlaggebend  eingreifen  kann.    Ist  Solches  denkbar? 

Die  Denkmoglichkeit  mag  durch  folgendes  fingiertes  Beispiel 
theoretisch  veranschaulicht  werden.  Eine  Schmetterlingsspecies,  die 
seither  gelb  und  blau  gezeichnete  Fliigelfelder  hatte  wird  in  eine  neue 
Gegend  eingebracht,  wo  sie  sich,  da  ihre  alte  Futterpflanze  hier  fehlt, 
an  eine  neue  Futterpflanze  gewohnen  muss.  In  der  neuen  Gegend 
stellt  sich  nun  in  Folge  der  neuartigen  Nahrung  ein  griiner  Fleck 
zwischen  Gelb  und  Blau  ein.  Muss  hier  die  Neueinreihung  griin 
farbender  Fliigeldeterminanten  in  die  Keimsubstanz  angenommen 
werden,  um  die  Uebertragbarkeit  des  neuen  Merkmals  von  Genera- 
tion zu  Generation  zu  verstehen?  Ganz  gewiss  nicht,  wir  konnen 
uns  den  Verlauf  folgendermassen  vorstellen :  Die  Farbung  der  Fliigel- 
felder soil  auf  dem  Wege  kiirzerer  oder  langerer  Umwandlungen  mit 
Hilfe  von  Produkten  zu  Wege  kommen,  welche  die  Raupe  den  Nahr- 
pflanzen  entnommen  hat  und  die  neue  Nahrpflanze  soil  mehr  Gelb 
erzeugende  Substanzen  enthalten  als  die  friihere  Nahrung.  Der 
FarbstoflF  soil,  so  nehmen  wir  an,  durch  die  Fliigeladern  auf  der 
Fliigelflache  auf  die  einzelnen  Schiippchen  verteilt  werden.    Friiher 

'  Man  denke  z.  B.  nur  an  die  lokal  dififerente  Beschafifenheit  der  einzelnen 
Abschnitte  der  8[>ermatozoen,  die  bei  ihrer  gesetzm&ssigen  Wiederkehr  docb 
auch  vererbbar  sein  mOssen,  u.  dergl.  m. 
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wurden  Blau  und  Gelb  so  verteilt,  dass  sich  ihre  Verteilungsgebiete 
nicht  schnitten,  Blau  und  Gelb  lag  ungemischt  neben  einander; 
die  neue  Nahrpflanze  fiihrt  aber  der  umgewohnten  Raupe  mehr 
gelben  Farbstoff  zu,  das  Verbreitungsgebiet  des  Gelb  schneidet  jetzt 
dasjenige  des  Blau  und  wir  erhalten  dureh  Mischung  von  Gelb  und 
Blau  den  griinen  Fleck,  ohne  dass  sich  dabei  Uberhaupt  etwas  Wesent- 
liches  im  Keimplasma  geandert  zu  haben  braucht.  Die  Determina^ 
tion  des  GrUn  geht  hier  in  deutlicher  Webe  erst  von  dem  Zeitpunkt 
des  Fressens  der  Raupe  aus.  Dieses  Beispiel  basiert  auf  einen  Ein- 
fluss  von  Aussen  auf  Einwirkung  der  Nahrung  namlich ;  wir  konnen 
es  aber  leicht  auf  innere  Einfliisse  umbauen,  wenn  wir  annehmen, 
dass  der  Ursachenkomplex,  welcher  an  der  Erzeugung  des  gelbeu 
Farbstoflfes  arbeitet,  in  irgend  einer  Descendentenreihe,  eine  Aender- 
ung  erfahrt,  die  mehr  Gelb  ab  friiher  bei  den  Vorfahren  erzeugt 
Der  griine  Fleck  wird  auch  hier  wieder  durch  Mischung  des  ver- 
mehrten  Gelb  mit  dem  Blau  des  angrenzenden  Farbfeldes  entstehen; 
aber  eine  eigene  Determinante  hat  auch  er  in  der  Keimzelle  nicht, 
sondern  er  wird  von  derselben  Determinante  ausbestimmt,  welcher 
die  Quantitat  des  producierten  gelben  Farbstoffes  fesdegt  Also  eine 
Determinante  flir  ganz  ungleiche  Erscheinungen,  einerseits  Produkti- 
onsintensitat  von  Gelb,  andrerseits  Entstehung  von  Griin. 

So  gut  sich  hier  "  zwei "  verschiedene  Eigentumlichkeiten  auf 
"eine"  Determinante  ziuiickfUhren  lassen,  ebenso  gut  lassen  sich 
auch  unbeschrankt  viele  von  einer  Determinante  ableiten.  Der 
Wahbpruch:  eine  Determinante  kann  nur  eine  vererbbare  Eigen- 
schaft  bestimmen  besteht  nicht  zu  recht.  Nachdem  in  dem  Vor- 
stehenden  die  Vorstellungsmoglichkeit  einer  Ableitung  mehrerer 
Determinanten  von  einer  einzigen  urspriinglich  andersartigen  im  Ei 
dargetan  wurde,  soli  nach  einer  einfachen  Vorstellungsform  fiir  die 
Hervorbildung  neuer  Determinanten  aus  urspriinglich  andersartigen 
gesucht  werden.  Man  kann  nach  Hofmeister  ein  EiweissmolcMl 
oder  sagen  wir,  um  an  seine  physiologischen  Fahigkeiten  zu  erinnem 
ein  Verwornsches  BiogenmolekUl  einem  Masaikbild  vergleichen,  das 
sich  um  eine  bestinmite  Annaherungszahl  zu  nennen  "aus  125  ver- 
schiedenfarbigen  und  verschieden  gestalteten  Steinen  zusanunensetzt, 
von  denen  einzelne  in  einfacher,  andere  in  mehrfacher  etwa  bis 
20  facher  Zahl  vertreten  sind.  Selbst  bei  Zugrundel^fung  dieser  mo- 
glichst  einfachen  Annahme  ergiebt  sich  bei  verschiedenen  Aneinan- 
derlagerungen  der  Steine  eine  schier  unerschopfliche  Mannigfaltigkeit 
von  Combinationen."  Nehmen  wir  nun  an,  da?s  im  Sinne  dieses 
Symbob  aus  der  Zahl  der  unbeschrankten  Combinationsmoglich- 
keiten  heraus  eine  bestimmte  Tierart  durch  eine  bestimmte  (oder 
wenigstens  im  Bereiche  der  Variantcn  einer  Tierart  annahernd 
feststehende)  Zahl  von  solchen  verschiedenartigen  Steinchen  ihr 
typbches  Geprage  erhalt,  durch  alle  Korperzellen  hindurch,  so  er- 
halten wu*  zunitchst  eine  Erleichterung  des  Verst&ndnisses  dafUr,  dass 
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jeder  Tierspecies  eine  ganz  bestimmte  Sorte  von  Eiweisskorpem 
(Biogenen)  zukommt  Die  chemisch  specifische  Eigenart  der 
Eiweisskorper  fiir  jede  Species  ist  meines  Wissens  zuerst  von  Huppert 
fur  viele  Falle  erkannt  und  dann  in  bekannter  Weise  durch  die  soge- 
nannten  biologischen  Blutuntersuchungen  als  eine  flir  die  organis- 
mischen  Eiweisskorper  allgemein  giltige  R^el  nachgewiesen  worden. 
Bei  den  hierzubenutzten  Reaktionsmitteln  (Erzeugung  und  Anwen- 
dung  von  Antikorpern,  Isolysinen,  Autolysinen  u.  s.  w.),  werden  im 
Rahmen  unseres  Bildes  nur  solche  organische  Eiweisskorper  gefallt, 
die  aus  einer  fUr  die  jeweilige  Tierspecies  typischen  Ajizabl  verschie- 
denartiger  Bausteinchen  b^tehen;  die  aus  einer  anderen  Anzahl 
und  anderen  Steinchen  bestehenden  und  daher  chemisch  andersge- 
arteten  Eiweisskorper  anderer  Tierarten  dagegen  nicht  Bei  der 
Feinheit  dieser  Reaktionen  drangt  sich  aber  die  Ueberzeugung  auf, 
dass  nicht  bloss  die  Anzahl  sondern  auch  bis  zu  hohem  Grade  die 
Anordnung  der  einzelnen  Bausteinchen,  ihr  morphologischer  Struk- 
turbau  fiir  jede  Tierart  ein  besonderer  bt.  Wir  nehmen,  um  diese 
Thatsache  in  unser  Symbol  einzutragen  an,  dass  ein  Teil  des  Chro- 
matins, den  wir  als  chemisches  Stanmigenist  bezeichnen  wollen,  eine 
ganz  bestimmte  Steinchenkombination  besitzt,  dass  dieses  Stammge- 
riist  in  alien  2^11en  derselben  Tierart  das  gleiche  ist,  oder  wenigstens 
in  verschiedenartjgen  Zellen  des  ^eichen  Individuums  (bezw.  der 
gleichen  Tierart)  keine  "wesentlichen  "  dem  Charakter  der  Species 
zuwiderlaufende  Unterschiede  aufweist. 

Da  nun  aber  neben  der  Gleichheit  im  Aufbau  der  Eiweisskorper 
einer  Organbmenart,  auch  Ungleicharten  von  der  Vererbungssub- 
stanz  aus  determiniert  werden  mussen,  um  die  histologischen  Dif- 
ferenzen  der  verschiedenen  Korperzellarten  zu  erklaren,  so  mussen  wir 
neben  dem  ^eichbleibenden  Stammgeriist  auch  in  ihrer  Combination 
variabele  Teile  dem  chemischen  Aufbau  des  Chromatins  zuerkennen. 
Wo  diese  fur  typische  2^11arten  sich  typisch  andernden  Bestandteile 
des  stereochemischen  Strukturgeriistes  des  Chromatins  sitzen  mogen, 
bt  zwar  an  sich  ganz  gleichgiltig,  wir  wollen  aber  um  ein  vorstell- 
bares  Symbol  zu  erhalten,  annehmen,  dass  sie  sich  etwa  mantelartig 
"peripher*'  an  das  konstante  Stanmigerust  ansetzen,  dass  sie  abo, 
um  einen  gangbaren  Ausdruck  zu  gebrauchen,  kurz  gesagt  Seiien- 
ketien  darstellen,  deren  vielseitige  Lebtungsfahigkeit  schon  durch 
die  Ehrlichschen  Immunbierungs-Experimente  zur  Geniige  klar 
gestellt  bt. 

Wir  konnen  dann  diese  Anschauungen  in  den  Satz  zusammen- 
fassen:  das  chemische  Stammgeriist  der  Keimsubstanz  bt  zwar  fiir 
jede  Species  annahemd  konstant,  die  Komposition  der  Seitenketten 
aber  bt  fiir  die  verschiedenen  Zellarten  des  gleichen  Organismus 
typisch  verschieden ;  die  Nervenzellen  eines  Individuums  hatten  also 
an  dem  fiir  die  Species  konstanten  Stammgeriist  andere  Seitenketten 
angesetzt  als  die  Bindegewebszellen  u.  s.  w.  —  und  zwar  ware  dieses 
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Verschiedenwerden  der  Seitenketten  wahrscheinlich  schon  sehr  fiiih 
anzusetzen,  wie  die  gestorte  Totipotenz  friiher  Furchungszellen  nach 
ihrer  Isolierung  in  manchen  Fallen  deudieh  zeigt 

Wir  woUen  nunmehr  zusehen,  wie  sich  das  Anhangen  verachieden 
kombinierter  Seitenketten  an  das  konstante  chembche  Stammgeriist 
mit  den  empirbchen  Tatsachen  in  Einklang  bringen  lasst,  um  zum 
Schlusse  festzustellen,  was  sich  durch  die  Ajinahme  eines  derartigen 
Aufbaues  des  Chromatins  an  Vereinfachungen  fiir  die  Determinanten- 
lehre  ergiebt. 

Wenn  die  Ursachen  der  fur  specifische  Zellbildung  benotigten  ver- 
schiedenartigen  Seitenkettenkombinationen  in  dem  Kern  selhst 
gelegen  waren,  so  miissten  voraussichtlich  eine  grosse  Zahl  von 
Hemmungsmechanismen  im  Kern  vorhanden  sein,  die  jeweils  nur 
einer  bestimmten  Kombination  zu  bestimmter  Zeit  die  Entstehung 
erlaubten,  alle  anderen  aber  der  moglichen  und  spater  auftretenden 
Steinchenkombinationen  bis  zu  geeigenter  Zeit  zuriickhielten.  Wir 
waren  dann  wieder  auf  das  Feld  unmoglicher  Praeformation  zurlick- 
geworfen.  Anders  aber  wenn  wir  die  Ursache  der  jeweilig  sich  typisch 
andernden  Seitenkettenkombination  ausserhalb  des  Zellkemes  sta- 
tioniert  denken;  nicht  etwa  direkt  in  der  Aussenwelt  —  was  zu  thun 
uns  die  von  der  Aussenwelt  mehr  oder  weniger  unabhangige  Differen- 
zierung  wahrend  der  Embryogenese  widerrat  —  sorviem  vor  Alien 
in  dem  Zellleib. 

Es  ist  eine  allgemeine,  und  meines  Erachtens  principiell  wichtige 
Erscheinung,  dass  vor  jeder  Zellteilung  abo  auch  vor  jeder  Teilung 
der  Furchungszellen,  der  Kern  sich  machtig  aufblaht  und  dass  spater, 
meist  schon  wahrend  der  Spindelstreckung  oder  wahrend  der  Meta- 
kinese  zum  Mindesten  aber  wahrend  der  Restituierung  der  auseinan- 
dergezogenen  Tochterkerne,  Kemspindel  oder  Tochterkeme  wieder 
erheblich  an  Volumen  abnehmen.  Es  bt  eine  unanfechtbare  Not- 
wendigkeit,  dass  der  Kern  zu  seinem  anfanglichen  Aufquellen  vor  der 
Theilung  Stoffe  aus  dem  Zellleib  in  sich  aufnehmen  muss,  und  ebenso 
unanfedhtbar  bt  auch,  dass  die  wahrend  der  Metakinese  wieder  ab- 
schwellende  Kemspindel  bezw.  die  kurz  nach  der  Metakinese  wieder 
kleiner  werdenden  Tochterkerne  wiederum  Stoffe  an  die  Zellleiber  der 
Tochterzellen  abgeben  miissen.  Mir  scheint  es  nun  ausserst  wahr- 
scheinlich, dass  der  in  Teilung  begriffene  Kern  durch  die  gesetz- 
massige  FlUssigkeitsaufnahme  vor  seiner  Teilung  sein  fiir  die  nachste 
Zellgeneration  wichtiges  Geprage,  oder  im  Bilde  unseres  Vergleichs 
seine  typisch  aus  verschiedenen  Steinchen  angeordneten  Seitenketten 
erhalt,  so  dass  erst  wahrend  des  Teilungsaktes  bestimmt  wird,  was 
aus  den  Kernen  der  nachsten  Zellgeneration  werden  wird.  Eis  lasst 
sich  auf  diese  einfache  Weise  leicht  eine  Vorstellung  gewinnen  wie 
wahrend  cler  embryonalen  Furchung  aus  einer  Zellgeneration  eine 
andere  von  ihr  verschiedenartige  Zellgeneration  hervorgeht  Das 
Stammgeriist  wird  mit  seinen  Receptoren,  nach  Ehrlich's  Nomen- 
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datur,  d.  h.  mit  seinen  aufnahmefahigen  Enden  mit  einer  bestimmten 
Zahl  neuer  anders  geordneter  Seitenketten  ausgestattet,  indem  die 
geeigneten  Receptoren  ans  der  von  dem  Zellleib  her  in  den  Kern 
eingedrungenen  FlUssigkeit  durch  chemische  Affinitaten  (fur  das  Chro- 
matingeriist  neuartige)  Steinchenkombinationen  heranziehen  und  die 
Seitenkettern  verlangernd  dem  Stammgeriist  angliedem.  Indem  sich 
hiemach  die  aus  dem  Zellleib  stanmienden  Molekiilgruppen  direkt 
oder  nach  irgendwelcher  vorherigen  Umwandlung  an  die  Receptoren 
der  Seitenketten  anhangen,  wird  das  Chromatin  komplicierter,  sein 
atomieller  Aufbau  wird  anders  als  er  vor  dem  Eintritt  der  Zellleib- 
fllissigkeit  war,  der  Kem  wird  also  in  der  Tochterzellgeneration  auch 
physiologisch  anders  arbeiten  als  vorher,  ehe  er  die  Zellleibsubstanzen 
an  sich  angehangt  hatte.  Wie  aber  hier  durch  die  Fliissigkeits- 
bew^ung  in  Richtung  "ZelUeib-Kem "  das  Chromatingefuge  im 
Kemwah  rscheinlich  verandert  wird,  so  kann  andrerseits  auch  ganz 
ohne  Frage  durch  die  umgekehrte  Flussigkeitsbewegung  und  dem  mit 
ihr  verbundenen  Substanztransport  via  "  Kern-Zellleib,"  den  wir  vor 
der  Constituierung  der  Tochterkerae  konstatiert  haben  und  physio- 
logische  Arbeitsweise  die  Constitution  des  Zellleibes  der  Tochterzellen 
geandert  werden.  So  wird  z.  B.  ganz  sicher,  wie  hier  nicht  naher  aus- ' 
gefuhrt  werden  kann,  die  Oberflachenschicht  der  Zelle,  (also  eventuell 
die  Zellmembran,  wo  eine  solche  als  abgesetzte  Haut  vorliegt,)  unter 
Einfluss  der  aus  der  Kemspindel  ausgetretenen  Stoffe  vergrdssert 
demnach  neues  Oberflachenmaterial  vor  Allem  in  der  Teilungsebene 
der  2^11e  in  Gestalt  der  Zellscheidewand  gebildet.  Neben  diesen 
leicht  sichtbaren  Neuschaflfungen  im  Zellleib  mogen  sich  aber  noch 
unabsehbare  andere  Vorgange  durch  die  in  den  Zellleib  ubergetre- 
tenen  Derivate  der  Seitenketten  des  Chromatins  im  Plasmaleib  der 
Tochterzellen  einleiten  und  abspielen,  die  nun  zur  Folge  haben,  dass 
auch  der  Zellleib  der  Tochterzellen  ein  anderer  wird,  als  derjenige 
der  voraufgegangenen  Mutterzelle  war.  Schickt  nun  bei  der  folgen- 
den  Blastomereyteilung  der  Kern  sich  abermals  zur  Teilung  an,  so 
wird  er  wiederum  mit  anderen  Steinchenkombinationen,  namlich 
denen  der  vorher  konstituierten  Blastomeren,  wahrend  seiner  Auf- 
blahungsperiode  beschickt,  sein  Chromatin  wird  wiederum  anders, 
mit  neuen  Seitenketten  ausgestattet,  komplicierter,  und  bei  dem 
Abschluss  der  Tochterkembildung  geben  die  Tochterkerne  dann 
wieder  andere  Kemstoffe  unter  dem  Einfluss  der  umgewandelten 
Seitenketten  an  die  ZelUeiber  ab,  um  in  deren  Getriebe  bestimmend 
einzugreifen.  An  ursprlinglich  ein  und  der  selben  Art  von  Seiten- 
ketten konnen  demnach  auf  langerem  oder  kiirzerem  Wege  ganz 
verschiedene  Substanzen  zu  verschiedenen  Kemteilunsperioden  ange- 
gliedert  werden  dadurch,  dass  zu  den  verschiedenen  Zeiten  die  Zell- 
leibfliissigkeit,  die  vor  der  Kernteilung  in  den  Kern  eintritt,  eine 
verschiedene.  ist,  und  ebenso  kann  eine  ursprUnglich  gleiche  Plasma- 
art  sich  in  ganz  verschiedener  Richtung  verandern,  wenn  sie  wahrend 
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der  verschiedenen  Zellteilungsepochen  verschiedene  Kernstoffe  zuge- 
schickt  erhalt. 

Die  angegebenen  Wechselbeziehungen  zwischen  Kem  und  Zell- 
leib,  von  denen  man  sich  durchaus  keine  bestimmt  begrenzten  zur 
Zeit  in  ihren  Details  auch  kaum  fixierbare  Vorstellungen  zu  machen 
braucht  sondern  die  jeder  sonst  begriindbaren  Theorie  von  dem  Bau 
organismischer  Molekiile,  von  ihrer  Synthese  und  ihrer  Vermehning 
freien  Spielraum  gewahren,  erklaren  es,  wie  das  Keimganze  von 
Theilungs-  zu  Theilungsperiode  der  Blastomeren  aus  urspriinglich 
verhaltnismassig  einfachen  Anfangen  immer  komplicierter  und  kom- 
plicierter  wird;  diese  Wechselbeziehungen  schrauben  die  Organisa- 
tion von  Kem  und  Zelle  mit  jeder  neuen  Blastomerenteilung  wechsel- 
seitig  mehr  und  mehr  in  die  Hohe.  Erst  steigert  der  Zellleib  des 
entwieklungsfahigen  Eies  durch  seine  Stoffe  die  Organisation  des 
Furchungskernes,  dann  der  Furchungskern  die  Organisation  der 
Plasmaleiber  der  Blastomeren  mit  Hilfe  seiner  neuen  Seitenketten- 
kombinationen,  und  so  geht  es  fort  auf  dem  Wege  ZelUeib-Kem, 
Kern-ZelUeib  bis  mit  dem  Aufhoren  der  Zellteilungen  die  letzte 
Organisation  im  vollentwickelten  Tiere  erreicht  wird.  Wir  erhalten 
also 

Erstens,  eine  einfache  Vorstellung  von  der  allmahlich  aufsteigen- 
den  Complikation  des  Chemismus  der  Embryogenese. 

Nehmen  wir  nun  noch  fUr  unsere  Seitenketten,  die  selbstredend 
als  organismische  d.  h.  lebende  Verbindungen  aufzufassen  sind,  das 
vielfach  erkannte  Kriterium  in  Anspruch,  dass  sich  im  Lebensgetriebe 
nur  das  erhalt,  was  arbeitet,  iind  das  atrophiert,  was  zur  Unthatigkeit 
verdammt  wird;  so  konnen  wir  uns  mit  Hilfe  des  angenommenen 
chemischen  Stammgerustes  mit  seinen  gesetzmassig  wechselnden 
Seitenketten  leicht  eine  Vorstellung  von  dem  Zustandekommen  der 
Regenerationserscheinungen  machen,  ohne  unsere  Zuflucht  zu  be- 
sonderen  bereits  im  Keim  separat  angelegten  Ersatzdeterminanten 
nehmen  zu  miissen.  1st  durch  einen  gewaltsamraen  EingriflF  von 
Aussen  ein  Korperteil  entfernt,  so  konnen  die  Kerne  und  Zellen  der 
Wundflache,  welchen  die  normalen  Beziehungen  zu  den  friiheren  jetzt 
weggenommenen  Zellen  fehlen,  nicht  mehr  in  friihrer  Weise  arbeiten 
die  unthatig  werdenden  Seitenketten  atrophieren  Stiick  um  Stiick,  und 
fUhren  dadurch  das  Chromatin  auf  einen  friiheren  Zustand  zuriick; 
und  das  geschieht  so  lange  bis  ein  Stadium  erreicht  ist,  auf  welchem 
die  reducierten  Seitenketten  wieder  geeignetes  Material  zum  Neuauf- 
bau  ihrer  atrophierten  Teile  vorfinden ;  d.  h.  es  tritt,  wie  es  den  Er- 
fahrungen  entspricht  zunachst  eine  Ruckdifferenzierung  im  Gebiet 
der  Wundflache  ein  dann  wird  von  Neuem  aufgebaut,  in  vorheriger 
Weise,  weil  die  AflBnitaten  der  jeweils  zur  Verfugung  stehenden  und 
den  Seitenketten  angegliederten  Teilchen  wieder  nach  den  selben 
Gesetzen  arbeiten  wie  bei  der  Embryogenese  und  jetzt  wie  friiher 
AUes  unbenutzt  lassen,  was  nicht  geniigende  AflBnitat  zu  den  Recep- 
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toren  der  Seitenketten  hat.  Das  ist  die  zweite  Erscheinungsreihe,  die 
durch  unser  Symbol  in  einfaeher  Weise  darstellung  findet;  RUck- 
differenzierung  und  dann  Neubildung  nach  dem  Schema  der  Embryo- 
genese  bei  den  Regenerationen. 

Zweitens  geht  die  Inaktivitatsatrophie  der  Seitenketten  sehr  weit, 
so  fallen  alle  wahrend  der  Entwicklung  den  Seitenketten  angehangten 
Steinchenkombinationen  wieder  ab  und  es  bleibt  nur  das  chemische 
Stammgeriist  des  Chromatins  in  funktionsfahigem  Zustand  iibrig, 
dieses  kann  aber  dann,  wenn  nur  das  notige  Material  zur  Seiten- 
kettenbildung  nicht  fehlt,  wieder  den  ganzen  Organismus  mit  Hilfe 
von  Zellteilungen  aufbauen.  Es  sind  also  keinerlei  Ersatzdetermi- 
nanten  notig,  um  beispiebweise  die  auffalige  Restitutionsvirtuositat 
der  Epidermiszellen  gewisser  Begonien  oder  die  Totipotenz  isolierter 
Blastomeren  zu  erklaren.    Wir  sagen  allgemein,  dass  sich  also : 

Drittens  die  Totipotenz  von  Blastomeren  und  einzelnen  Organ-- 
teilen  abo  die  aequipotentiellen  Systeme  Driesch's  durch  unser  Symbol 
verstandlich  machen  lassen. 

Viertens  lassen  sich  die  Correlationserscheinungen  in  einfaeher 
Weise  durch  das  Symbol  veranschaulichen ;  z.  B.  bei  den  sekundaren 
Geschlechtsmerkmalen.  Dem  Castraten  fehlen  die,  zum  Aufbau  der 
secundaren  Geschlechtsmerkmale  notwendigen,  Glieder  beim  Weiter- 
bau  seiner  chromatischen  Seitenketten  innerhalb  der  in  Frage  kom- 
menden  Zellterritorien ;  diese  Glieder  werden  offenbar  in  wesentlichen 
Bestandteilen  normaler  Weise  von  dem  Chemismus  der  Geschlechts 
organe,  wenn  vielleicht  auch  erst  auf  weisen  Umwegen,  geliefert 

FUnftens  lasst  sich  verstehen,  dass  manche  Veranderungen,  Ano- 
malien  etc.  gemeinsam  aufzutreten  pflegen.  Man  braucht  nur 
irgend  einen  Defekt  oder  eine  Ungewohnlichkeit  an  einer  Seitenkette 
anzunehmen,  die  fiir  die  beiden  zusammenauftretenden  Anomalieen 
in  gleicher  Weise  massgebend  sind.  Wenn  also  Hypertrichose  mit 
Zahnanomalieen  verbunden  zu  sein  pflegt,  so  kann  das  einfach 
daran  liegen,  dass  in  den  bei  der  Zahnbildung  und  Haarbildung 
beteiligten  Ektodermzellen,  die  Seitenkette,  welche  den  fruheren 
Ektodermzellencharakter  dieser  Zellen  in  Haar-  und  Zahncharakter 
umstimmen  sollte,  irgend  welche  Schadigung  erfahren  hat.  Ist  eine 
Seitenkette  erst  anormal,  so  werden  auch  in  den  nachfolgenden  Zell- 
generationen  alle  Zellen  und  Zellaggregate  anormal  werden,  welche 
mit  Beihilfe  dieser  defekten  Seitenkette  determinirt  werden. 

Sechstens  konnen  Atavismen  in  der  Ontogenese  und  wahrend  der 
Regeneration  als  dadurch  zu  Stande  kommend  gedacht  werden,  dass 
eine  Seitenkette  ein  Bausteinchen  aufgriflf,  das  wohl  auf  fruheren, 
Ahnenstufen  benutzt  wurde,  bei  den  heutigen  Individuen  aber  nicht 
mehr  normaler  Weise  zur  Angliederung  kommt,  vielleicht  weil  im 
Laufe  der  spateren  Stammesentwicklung  ihm  neu  eingef Uhrte  Ketten- 
glieder  durch  grossere  Affinitat  den  Rang  abgelaufen  haben,  oder  aus 
irgend  welche  anderem  Grunde.     Das  Aufgreifen  des  altmodischen 
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Steinchen  von  irgend  einer  Seitenkette,  konnte  den  Atavismus  ver- 
schulden.  Auch  hier  wird  es  unnotig,  weit  zuriickliegende  atavistische 
Extradeterminanten  anzunehmen,  die  Generationen  hindurch,  ver- 
kappt  und  ohne  zu  arbeiten,  in  den  Geschlechtszellen  unthatig  geniht 
haben ;  ein  Fehlgriff  nach  einem  ausser  Curs  gekommenen  Steinchen 
von  Seiten  der  Seitenketten  kann  die  Erscheinung  verschulden. 

Siebtens :  Wenn  E.  Fischer  bei  seinen  bekannten  Schmetterlings- 
experimenten  nach  Kaltewirkungen  auf  Puppen  nicht  nur  typisch  ab- 
geanderte  Schmetterlinge  erhielt,  sondern  auch  die  Eier  dieser  Schmet- 
terlinge  wieder  gleichabgeahderte  Nachkommen  ergaben,  so  lasst  sich 
das  damit  in  Zusammenhang  denken,  dass  die  Kaltewirkung  hier  im 
Schmetterling  sowohl  als  in  seinen,  im  Inneren  angelegten,  Eiem  eine 
ganz  bestimmte  Art  von  Seitenketten,  namlich  die  fUr  die  abge- 
anderten  Eigenschaften  massgebenden,  abanderte.  Im  Genaueren 
werden  hier  oflfenbar  die  ersten  Anfangsglieder  der  Seitenketten  ver- 
andert,  die  im  Ei  bereits  angelegt  sind  —  die  spateren  Glieder  fehlen 
unserm  nicht  praeformistischen  Standpunkt  entsprechend  ja  noch 
im  Ei  —  sind  nun  die  Anfangsglieder  geandert,  so  wird  die  Arbeit  der 
Seitenkette  auch  dann,  wenn  sie  wShrend  spaterer  Entwickelungs- 
vorgange  neue  Glieder  angesetzt  erhalten  hat,  eine  specifisch  ge- 
anderte  bleiben  konnen. 

Achtens :  Wenn  eine  Urodelenlinse  vom  Irisrand  aus  r^neriert 
wird,  so  entsteht  zunachst  unter  den  zerstorten  Beziehungen  im 
vorderto  Augenteil  ein  Abfall  von  "Iris "-seitenketten  in  den 
Zellen  der  betreffenden  Augengegend.  Dieser  Abfall  kann  oflFenbar 
so  weit  gehen,  dass  die  Zellen  im  Storungsgebiet  schliesslich  nur  noch 
die  Seitenketten  ihrer  ehemaligen  Ektodermzellen  vergangenheit  ab 
Stiimpfe  behalten.  Diese  Stumpfe  konnen  dann  aber  wieder  alle 
Seitenketten  ansetzen,  die  den  Geriisten  von  Ektodermzellcharakter 
zuganglich  sind,  also  eventuell  auch  die  fiir  die  Linsenbildung  mass- 
gebenden Seitenketten. 

Die  Aufzahlung  konnte  noch  weiter  fort  gesetzt  werden;  mir  sind 
keine  Entwicklungs-  und  Vererbungserscheinungen  bekannt,  die  sich 
nicht  in  gleich  einfacher  Weise  diesem  Vorstellungsbild  einfUgen 
liessen. 

Wie  sich  die  Form  wahrend  der  Embryogenese  epigenetisch  ent- 
wickelt,  so  entwickelt  sich  auch  ihr  chemischer  InhaU  epigenetisch; 
er  steigt  allmahlich  vom  einfacheren  Zustand  im  Ei  auf  immer  hohere 
Stufen,  das  Vorausgegangene  stets  beniitzend,  aber  dem  Vorausge- 
gangenen  Neues  durch  geanderte  Zell-  und  Kemarbeit  Typisches  (die 
Seitenketten  Verlangerndes)  hinzufiigend.  Aber  nur  die  Arbeit  hebt 
den  chembchen  Strukturbau  von  Stufe  zu  Stufe,  vom  allgemeinen 
Blastomerencharakter  beispielswefae  zum  Ektodermzellencharakter, 
dann  zum  Nervenzellencharakter,  u.  s.  f.  —  Wird  die  Arbeit  gestort 
durch  kiinsdiche  EingriflFe  oder  sonstwie,  so  sinkt  die  chemische 
Organisationshohe  .  . .  durch  Inaktivitatsatrophie  .  .  .  unter  ungunsti- 
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gen  Umstanden  bis  zum  Stammgeriiststadium  des  Eizustandes  zu* 
riick;  sie  ist  aber  auch  dann  nicht  immer  verloren,  sondern  sie  kann 
sich  unter  Umstanden  wieder  nach  den  Gesetzen  der  fUr  die  Bildung 
der  Seitenketten  massgebend  A£5nitaten  auf's  Neue  epigenetisch 
emporarbeiten. 

Also:  *'Epigenese  fur  Form  und  chemischen  Inhatt"  der  Embryo- 
nalentwicklung.  Das  kann  nicht  befremden,  denn  die  Formwand- 
lung  ist  wahrend  der  Embryogenese  nur  das  mechanische  Produkt  des 
chemisch  (physiologisch)  arbeitenden  Inhaltes,  und  ist  dieses  Produkt 
anerkanntennassen  epigenetisch,  so  wird  auch  der  Producent  epige- 
netisch seine  Fiihigkeiten  erlangen  und  steigem. 
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AMITOSIS    AND    MITOSIS    IN    NORMAL    AND 
REGULATORY    GROWTH 

C.  M.  CHILD 

Since  the  work  of  Ziegler  and  Vom  Rath  amitosis  has  been  very 
generally  regarded  as  a  process  indicative  of  approaching  degenera- 
tion and  death  of  the  cell,  and  as  therefore  without  significance  in 
connection  with  nuclear  organization  and  of  little  importance  in 
developmental  growth.  Certain  observations  of  my  own  have  led  me 
to  very  different  conclusions,  viz.,  that  amitosis  may  play  an  import- 
ant or  even  an  almost  exclusive  r6le  in  the  development  of  both  germ 
and  somatic  cells  in  certain  species,  and  that  while  in  extreme  cases 
it  may  be  followed  by  degeneration  and  death,  this  is  by  no  means 
necessarily  the  case. 

The  first  point  of  importance  concerns  the  actual  occurrence  of 
amitosis.  Various  so-called  cases  of  amitosis  have  been  interpreted 
by  certain  authors  as  optical  delusions  resulting  from  partial  super- 
position, intimate  contact,  or  polymorphism  of  nuclei.  It  is  much 
more  difficult  to  be  certain  of  the  occurrence  of  amitosis  than  of 
mitosis  in  fixed  and  stained  tissues.  Only  the  closest  and  most  criti- 
cal observation,  together  with  the  best  technique,  is  sufficient  to  per- 
mit definite  conclusions  in  most  cases.  Most  apparent  cases  are  not 
conclusive.  Only  the  frequent  occurrence  of  critical  stages  which 
cannot  possibly  be  the  result  of  mitosis  or  superposition  or  poly- 
morphism of  nuclei  can  be  accepted  as  positive  evidence.  In  cer- 
tain cases,  however,  where  the  nuclei  are  increasing  rapidly  in  num- 
ber, we  find,  instead  of  mitosis,  all  stages  of  what  is  manifestly  direct 
division.  Here  the  evidence  for  the  occurrence  of  amitosis  becomes 
conclusive. 

The  writer  believes,  moreover,  that  he  has  observed  amitosis  in- 
crete  in  living  embryonic  tissues,  though  the  possibility  of  error  in 
unstained  material,  as  well  as  the  further  possibility  that  the  condi- 
tions of  experiment  induce  abnormal  nuclear  phenomena,  must  be 
admitted. 

Granting  the  occurrence  of  amitosis,  three  questions  of  import- 
ance arise  with  respect  to  its  r6le  in  normal  and  regulatory  growth: 
firstf  how  large  a  part  does  amitosis  play  in  organic  development? 
second,  are  cells  which  have  divided  amitotically  capable  of  under- 
going normal  mitosis  ?  and  third,  what  are  the  conditions  which  de- 
termine the  occurrence  of  one  or  the  other  form  of  division  ? 
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As  regards  the  first  of  these  questions,  my  own  observations  have 
led  me  to  the  conclusion  that  in  certain  species  cell-division  is  very 
largely  or  wholly  amitotic,  and  that  in  certain  other  cases,  in  which 
mitosis  has  conunonly  been  supposed  to  be  the  sole  method  of  divi- 
sion, amitosis  really  plays  a  part  of  considerable  imjiortance. 

Some  eight  years  ago  my  attention  was  directed  to  the  apparent 
absence  of  mitosis  in  the  growing  regions  of  the  cestode,  Moniezia 
ex'pansa.  Further  study  confirmed  the  first  observations  concerning 
mitosis  and  showed  the  very  frequent  occurrence  of  direct  division. 
After  the  most  careful  and  extended  study  of  this  species  the  conclu- 
sion was  reached  that  cell-multiplication  was  almost  wholly  amitotic 
in  the  earlier  stages  of  the  germ-cycle  as  well  as  in  somatic  structures. 

Comparative  study  of  certain  other  forms  has  shown  somewhat 
similar  conditions.  In  the  growth  of  Planaria  and  certain  other 
turbellaria  mitosis  is  not  often  seen  while  direct  division  is  frequent, 
and  in  the  development  of  the  imaginal  organs  of  certain  diptera 
from  the  imaginal  discs  mitosis  is  certainly  rare,  while  amitosis  is 
common.  In  Amphioxus  and  various  vertebrate  embryos  amitosis 
appears  to  play  a  considerable  part  in  development,  especially  in 
regions  of  rapid  growth. 

In  form-regulation  direct  division  is  often  the  characteristic  method 
of  cell-multiplication.  In  Planaria,  for  example,  mitoses  occur  to  some 
extent  during  the  early  stages  of  regulation,  chiefly  during  the  first 
twenty-four  hours  after  section,  but  the  new  tissue  is  formed  almost 
wholly  by  direct  division.  Very  similar  conditions  exist  in  th^  forma- 
tion of  new  hydranths  in  Tubularia  and  Corymorpha  among  the 
hydroids. 

That  amitosis  plays  an  important  part  in  organic  development,  at 
least  in  certain  species,  and  is  not  limited  to  more  or  less  highly  dif- 
ferentiated tissues,  but  occurs  in  embryonic  stages  as  well,  can  be 
stated  positively.  Extended  research  is  necessary  before  we  can 
determine  the  relative  frequency  and  importance  of  the  two  forms  of 
division  in  the  organic  world  in  general. 

As  regards  the  second  question,  viz.,  the  ability  of  a  cell  to  divide 
mitotically  after  having  divided  amitotically,  positive  data  are  at  hand 
in  the  case  of  Moniezia,  a  part  of  which  data  have  already  appeared 
elsewhere.  In  this  form  no  case  of  mitosis  has  been  observed  in  the 
proglottids  before  the  appearance  of  the  reproductive  organs,  but 
during  these  stages  there  is  an  enormous  increase  in  the  number  of 
nuclei,  and  direct  division  is  very  frequent.  Moreover,  in  the  earlier 
stages  of  development  of  the  ovaries  and  testes  themselves  mitosis  is 
very  rare  and  amitosis  frequent,  and  in  the  ovaries  at  least  there  is  no 
evidence  of  degeneration  of  a  part  of  the  cells  before  maturation.  In 
later  stages  typical  maturation-mitoses  appear. 

Similar  evidence  regarding  other  species  has  been  obtained,  some 
of  which  has  been  briefly  stated  elsewhere. 
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These  data  possess  a  certain  theoretical  importance  in  connection 
with  the  hypotheses  of  nuclear  and  chromosome-organization.  If  a 
nucleus  which  has  divided  amitotically  once  or  repeatedly  can  later 
divide  mitotically  with  the  typical  number  of  chromosomes,  the  hypoth- 
esis that  each  chromosome  is  represented  during  the  period  between 
mitoses  by  a  distinct  physiological  region,  and  so  maintains  a  continu- 
ous individuality,  becomes  at  least  highly  improbable,  if  not  untenable. 
If  the  different  chromosomes  consist  of  different  substances,  we  are 
forced  to  believe  either  that  these  various  substances  are  distributed 
throughout  the  nucleus  between  mitoses  so  that  the  daughter-nuclei 
resulting  from  amitosis  receive  all  of  them,  or  else  that  the  formation 
de  novo  of  su^h  substances  or  of  some  of  them  may  occur.  If  we 
accept  either  of  these  alternatives  we  cannot  properly  consider  the 
^chromosomes  as  self-perpetuating  individuab,  but  merely  as  periodi- 
cal phenomena,  occurring  Uke  other  organic  phenomena  as  the  result 
of  certain  conditions. 

If  the  dictum  "omne  nucleus  a  nucleo  "  is  correct,  a  certain  con- 
tinuity of  nuclear  material  may  of  course  h^e  postulated,  but  sudi 
continuity  does  not  differ  essentially  from  the  genetic  continuity 
which  exists  in  the  development  of  the  individual  or  the  evolution  of 
the  species. 

As  regards  the  significance  of  mitosis  all  that  we  can  pro^rly  say 
is  that  it  is  significant  of  certain  physiological  conditions  in  the  cell. 
Amitosis,  on  the  other  hand,  is  undoubtedly  correlated  with  the  pres- 
ence of  other  conditions. 

The  problem  of  the  teleological  significance  of  mitosis  is  not  at 
present  a  real  problem,  simply  because  we  have  not  the  data  which 
permit  us  to  decide  whether  any  such  significance  exists.  When  we 
know  more  of  the  nature  of  the  processes  involved,  we  msj  be  in 
better  position  to  consider  the  significance  of  the  visible  morphdogi- 
eal  phenomena. 

With  respect  to  the  conditions  which  determine  the  two  forms  of 
division  but  little  can  be  said  at  this  time.  In  general,  amitosis  ap- 
pears to  be  associated  with  relatively  rapid  growth  or  assimilation,  as 
Ziegler  and  Vom  Rath  believed.  Apparently  its  occurrence  indicates 
a  condition  of  strong  stimulation  in  which  the  cell  cannot  maintain 
equilibrium.  The  apparently  acyclical  character  of  amitosis  lends 
support  to  thb  view.  In  mitosis,  on  the  other  hand,  the  phenomena 
are  clearly  cyclical  as  regards  the  chromatin,  ard  this  suggests  the 
possibility  that  periodical  reversals  in  direction  of  processes  are  con- 
cerned. Further  dbcussion  of  these  points  is  left  to  another  time  and 
place. 
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DIFFERENCES  IN  THE  CHROMOSOME-GROUPS  OF 
CLOSELY  RELATED  SPECIES  AND  VARIETIES,  AND 
THEIR  POSSIBLE  BEARING  ON  THE  "PHYSIO- 
LOGICAL  SPECIES" 

EDMUND  B.  WILSON 

A  NUMBER  of  observers  have  recorded  the  fact  that  nearly  related 
species  or  even  varieties  of  the  same  species  may  show  marked  differ- 
ences in  the  number  and  size-relations  of  the  chromosomes,  perhaps 
the  most  familiar  case  being  the  long-known  one  of  Ascaris  mega- 
locephala.  In  the  Hemiptera  heteroptera  related  forms  often  differ 
considerably  in  this  regard.  For  example,  in  the  genus  Podisus  three 
of  the  species  I  have  examined  (macidiventris,  modestus,  placidus) 
have  16  spermatogonia!  chromosomes,  while  two  (crocatus,  hracteatus) 
have  but  14.  In  Largus  cinctus  the  male  number  is  11,  the  female  12, 
while  in  L.  siiccinctus  the  corresponding  numbers  are  13  and  14.  In 
both  these  cases  the  species  in  question  are  immediately  distinguish- 
able. In  the  genus  Banasa  a  much  greater  numerical  difference  exists 
between  two  species  that  are  otherwise  so  similar  as  sometimes  to  have 
been  confused  by  systematists,  though  the  examination  of  a  large 
series  has  convinced  me  that  they  are  always  distinguishable  by 
structural  characters.  These  species  are  B,  calva  and  B.  dimidiata, 
of  which  the  former  has  typically  26  chromosomes,  the  latter  16. 
But  the  most  remarkable  case,  and  the  one  to  which  I  would  direct 
especial  attention,  is  that  of  the  common  and  widely  diffused  form 
Thyanta  custatoTf  in  which  two  types  of  chromosome-groups  exist  in 
a  species  which  competent  systematists  have  not  thus  far  been  able 
to  differentiate  even  into  two  varieties.  Individuals  taken  at  Madison, 
New  Jersey,  show  in  the  male  27  chromosomes,  in  the  female  28; 
while  all  those  from  Georgia,  South  Carolina,  Tennessee,  and 
Colorado  have  in  both  sexes  but  16.  No  intermediate  numbers 
have  thus  far  been  found.  This  species  is  a  very  variable  one  in 
respect  to  shape,  size,  and  color,  and  all  the  western  forms  and 
many  of  the  southern  ones  differ  noticeably  from  the  New  Jersey 
ones.  Nevertheless,  Van  Duzee,  the  well-known  specialist  of  the 
Pentatomidce,  who  has  kindly  examined  the  series,  states  that  he 
is  unable  to  find  in  the  external  characters  any  line  of  demarca- 
tion by  which  the  individuab  of  the  16-chromosome  type  can  be 
separated  from  the  others. 
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It  is  evident  that  such  a  difference  in  the  chromosomes  must  in- 
volve some  kind  of  constitutional  difference  between  the  two  forms, 
and  it  seems  possible  that  sufficiendy  careful  observation  may  reveal 
corresponding  physiological  if  not  morphological  differences.  Is  it 
not  possible  that  a  key  may  here  be  found  to  the  so-called  "physi- 
ological species"  that  differ  in  respect  to  modes  of  development, 
instincts,  habits,  or  other  functional  relations  without  exhibiting 
visible  differences  in  the  external  morphological  characters?  The 
facts  further  suggest  that  changes  in  the  number  of  the  chromosomes 
may  be  effected  not  only  by  slow  and  gradual  progression,  but  by 
sudden  mutations.  Such  mutations  might  involve  no  essential  change 
in  the  nuclear  content,  but  only  a  change  in  the  form  of  segregation 
into  chromosomes.  For  example,  in  Largus  ductus  two  of  the  chro- 
mosomes in  each  sex  are  much  larger  than  the  others.  The  nearly 
related  L,  succinctus  does  not  show  these  large  chromosomes,  but  the 
total  number  is  two  more  than  in  the  first-named  species  in  each  sex. 
Here  we  may  plausibly  regard  the  two  large  chromosomes  of  cinctus 
as  represented  by  four  smaller  ones  in  succinduSy  the  two  large  ones 
of  cinctus  being  "bivalent."  But  when  we  consider  such  a  differ- 
ence as  that  between  Banasa  calva  and  B,  dimidiata,  or  between  the 
two  Thyanta  forms,  the  conception  of  bi valence  or  plurivalence  al- 
most loses  its  meaning;  for  what  shall  we  consider  a  univalent  chro- 
mosome ?  It  seems  to  me  a  simpler  and  more  natural  view  that  the 
nucleus  consists  of  many  different  materials  or  substances  that  seg- 
regate in  a  particular  pattern ;  that  different  chromosomes  need  not, 
however,  represent  a  complete  separation  of  different  substances, 
but  are  in  many  cases,  perhaps  in  all,  compound  bodies;  and  that 
the  particular  form  of  segregation  may  readily  change  from  species 
to  species.  Marked  or  even  extreme  changes  might  have  taken  place 
in  the  number  and  size-relations  of  the  chromosomes  that  would  in- 
volve little  or  no  change  in  the  essential  quality  of  the  nuclear  sub- 
stance, and  the  apparent  anomaly  presented  by  differences  in  the 
chromosome-groups  of  nearly  related  forms  would  disappear. 
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THE  SUPERNUMERARY  CHROMOSOMES  AND  THEIR 
RELATION  TO  THE  "ODD"  OR  "ACCESSORY" 
CHROMOSOME 

EDMUND  B.  WILSON 

It  has  become  almost  a  cytologieal  dogma  that  the  number  of 
chromosomes  in  a  given  species  is  on  the  whole  constant,  the  occa- 
sional exceptions  to  this  ride  being  for  the  most  part  regarded  as  ap- 
parent rather  than  real,  —  for  example,  such  as  arise  through  the 
formation  of  double  or  multiple  groups,  through  bivalence  or  pluriv- 
alence  of  some  of  the  chromosomes,  and  the  like.  Ari  examination 
of  some  seventy  sj)ecies  of  Hemiptera  heteroptera,  some  of  them 
represented  by  a  large  number  of  individuals,  has  in  fact  shown  a 
remarkable  constancy  in  nearly  all,  though  a  few  true  fluctuations, 
other  than  the  merely  apparent  ones,  have  here  and  there  been  ob- 
served. A  remarkable  exception  to  this  rule  occurs  in  the  genus 
Metapodius,  where  I  have  found  in  three  quite  distinct  species  {ter- 
minalis,  femoratus,  and  granulosiis)  that  the  species-number  is  vari- 
able, though  the  number  in  any  given  individual  is  constant.  Thus 
in  3f .  terminalis  individual  males  have  been  observed  that  show  re- 
spectively in  the  spermatogonial  divisions  22, 23,  and  24  chromosomes ; 
in  if.  femoratiLS,  22  and  26 ;  and  in  M,  granidosiis,  23,  26,  and  (?)  27. 
A  corresponding  variation  exists  in  the  females  of  all  three  species, 
the  numbers  observed  being  in  M.  terminalis  22  and  25,  in  M.  femo- 
ratuSf  24  and  26,  and  in  M.  granulosiis,  25  and  26.  These  variations 
are  not  correlated  with  the  sexual  characters  or  with  any  other  visible 
structural  characters.  They  are  not  casual  fluctuations,  since  the  num- 
ber in  each  individual  is  constant,  and  the  number  present  in  the 
maturation-divisions  is  definitely  correlated  with  that  seen  in  the 
spermatogonial  divisions  of  the  same  individual,  as  has  been  proved 
by  the  careful  study  of  a  very  large  number  of  division-figures,  many 
of  which  have  been  photographed. 

But  a  very  definite  order  exists  in  this  apparent  chaos.  When  the 
chromosome-groups  are  studied  in  detail,  more  particularly  in  the 
male,  it  is  found  that  the  variations  are  due  to  the  presence  in  varying 
number  of  chromosomes  of  a  specific  kind,  which  I  propose  to  call 
the  supernumerary  chromosomes,  since  they  may  be  entirely  absent. 
These  chromosomes  are  of  small  size;  they  always  divide  as  univa- 
lents in  the  first  spermatocy te-division ;  in  the  growth-period  they 
remain  in  a  compact  nucleolus-like  form;  and  both  in  the  growth- 
period  and  in  the  second  spermatocy  te-division  they  are  usually  closely 
associated  with  the  idiochromosomes  to  form  a  compound  body. 
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S^udy  of  the  facts  leads  to  the  general  conclusion  that  all  the  individ- 
uals possess  a  fundamental  or  type-group  of  22  chromosomes,  which 
alone  are  present  in  certain  individuals.  Two  of  these  are  typical 
^'m^hromosomes/'  2  are  a  pair  of  unequal  "idiochromosomes," 
while  18  are  ordinary  chromosomes  or  "autosomes."  In  such  in- 
dividuals the  first  spermatocyte-di vision  shows  always  12  chromo- 
somes (the  idiochromosomes  being,  as  usual,  separate  univalents), 
and  the  second  11.  When  one  supernumerary  is  present  the  sper- 
matogonia show  23  chromosomes,  and  the  first  division  13;  when 
2  or  4  supernumeraries  are  present,  the  spermatogonial  number 
is  24  or  26,  while  the  first  spermatocyte-division  shows  14  or  16, — 
i.  e.y  owing  to  the  fact  that  the  supernumeraries  remain  univalent  in 
the  first  division  this  division  shows  a  surplus  over  the  type-number 
(12)  equal  to  the  surplus  in  the  spermatogonia.  In  the  second  divi- 
sion the  apparent  number  (as  seen  in  polar  views)  is  variable,  owing 
to  the  fact  that  the  supernumeraries  usually  couple,  in  a  variable 
manner,  with  the  idiochromosome-dyad. 

Detailed  study  of  the  second  division  shows  that  the  supernumer- 
ary chromosomes,  when  present,  undergo  a  variable  and  often  asjrm- 
metrical  distribution  to  the  spermatid-nuclei,  —  e,  jr.,  when  4 
supernumeraries  are  present  each  spermatid  may  receive  2  of 
them  (13  chromosomes  altogether),  or  1  may  receive  3,  the  other, 
1  (respectively  14  and  12  chromosomes).  When  only  1  super- 
numerary is  present,  half  the  spermatids  receive  11  and  half  12.  I 
believe  there  can  be  little  or  no  doubt  that  the  variations  seen  in  the 
somatic  nimibers  take  their  origin  in  corresponding  combinations 
eflFected  at  the  time  of  fertilization,  these  being  again  due  to  the 
varying  numbers  in  the  gametes. 

As  regards  the  origin  of  these  singular  conditions  I  believe  a 
plausible  explanation  may  be  offered,  as  follows:  In  behavior  the 
supernumerary  chromosomes  agree  in  every  respect  with  the  idio- 
chromosomes; and  that  they  are  of  similar  if  not  identical  nature 
may  be  inferred  from  their  marked  tendency  to  unite  with  these 
chromosomes  during  the  growth-period  and  in  the  second  division. 
In  size  they  are  usually  indistinguishable  from  the  small  "idiochro- 
mosomes," though  sometimes  somewhat  smaller.  I  therefore  think  it 
probable  that  these  chromosomes  are  supernumerarj'  or  duplicate 
small  idiochromosomes,  the  presence  of  which  is  due  to  a  failure  of 
the  idiochromosome-dyad  to  divide  in  an  earUer  generation.  I  have 
in  fact  observed  that  now  and  then  such  a  failure  of  division  occurs  in 
the  second  spermatocyte-division,  both  idiochromosomes  passing  to 
one  pole.  In  such  cases  this  pole  receives  12  chromosomes,  the  other 
but  10;  and  in  the  former  case  the  small  idiochromosome  becomes 
indistinguishable  from  a  supernumerary  chromosome.  An  egg  fer- 
tilized by  such  a  spermatozoon  would  possess  one  supernumerary; 
and  the  same  would  be  true  of  half  the  gametes  of  such  an  individual 
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(whether  a  male  or  a  female).  It  is  easy  to  see  how  from  such  a  be- 
ginning the  number  might  increase  in  subsequent  generations;  but 
there  is  evidently  a  limit  to  this  process,  since  the  largest  number 
of  supernumeraries  I  have  found  is  five,  and  that  in  only  a  single 
individual. 

This  interpretation  offers  also  a  new  suggestion  regarding  the 
origin  of  the  odd  or  accessory  chromosome.  As  poiqted  out  above,  a 
failure  of  division  on  the  part  of  the  idiochromosome-dyad  leaves  one 
pole  without  a  small  idiochromosome,  and  hence  with  only  10  chro- 
mosomes. The  fertilization  of  an  ordinary  egg  with  11  chromosomes 
would  produce  an  individual  with  21  chromosomes,  including  a 
single  large  idiochromosome  (derived  from  the  egg),  which  would  be 
indistinguishable  from  an  odd  or  accessory  chromosome.  I  believe 
that  this  may  offer  a  more  probable  solution  of  the  problem  of  the 
origin  of  the  odd  chromosome  than  any  hitherto  advanced ;  and  that 
Metapodius  (which  stands  afone  among  observed  Coreidce  in  the  pos- 
session of  a  pair  of  idiochiomosomes)  may  represent  a  process  of 
transition  from  the  idiochromosome-type  to  the  odd  chromosome-type. 
This  agrees  perfectly  with  my  earlier  identification  of  the  odd  chro- 
mosome with  the  large  idiochromosome,  and  with  my  suggestion  that 
the  small  idiochromosome  is  in  process  of  degeneration  or  disap- 
pearance. It  further  explains  the  apparent  anomaly  that  individuals 
that  differ  so  considerably  in  the  chromosome-group  should  show  no 
corresponding  morphological  difference;  for  the  supernumeraries, 
under  the  hypothesis,  are  but  duplicates  of  the  small  idiochromo- 
some, and  degenerating  structures  at  that. 

If  this  be  the  correct  view  we  should  expect  to  find  certain  indi- 
viduals of  Metapodius  with  but  21  chromosomes,  including  an  odd  or 
accessory.  I  have  not  found  such  individuals  in  my  material,  but 
Montgomery  has  in  fact  thus  described  the  relations  in  M.  terminalia; 
and  an  examination  of  his  preparations  has  satisfied  me  of  the  cor- 
rectness of  his  account.  I  have  previously  expressed  the  opinion  that 
the  difference  between  his  material  and  my  own  might  be  due  to  an 
error  in  determining  the  species ;  but  I  now  think  it  not  improbable 
that  the  identification  was  correct,  and  that  Metapodius  may  actually 
present  a  case  in  which  different  individuals  of  the  same  species  may 
possess  either  a  pair  of  idiochromosomes  or  a  single  odd  or  accessory 
chromosome.  If  this  really  be  the  case,  the  explanation  offered  above 
as  to  the  origin  of  the  odd  chromosome  becomes,  I  think,  a  very 
probable  one. 

I  will  point  out,  finally,  that  these  facts  seem  fatal  to  any  theory 
of  sex-pnxluction  that  operates  with  merely  quantitative  differences 
in  the  total  mass  of  chromatin;  for  in  these  animals  sex  is  quite  in- 
dependent both  of  the  number  of  chromosomes  and,  apparently,  also 
of  the  entire  mass  of  the  chromatin. 
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A   STUDY    OF   THE    CHROMOSOMES    OF    (ENOTHERA 
LAMARCKIANA,  ITS   MUTANTS  AND  HYBRmS 

ANNE  M.  LUTZ 

An  exceptional  opportunity  was  offered  at  the  Station  for  Experi- 
mental Evolution  at  Cold  Spring  Harbor  for  a  study  of  the  germ  cells 
of  (Enothera,  inasmuch  as  pedigreed  cultures  derived  from  pure 
bred  seed  obtained  from  de  Vries  and  McDougal,  had  been  grown  at 
the  station  for  three  generations.  As  it  seemed  advisible  to  first 
become  acquainted  with  the  somatic  cells  of  those  forms  whose  germ 
cells  I  should  consider  later.  Work  was  begun  upon  the  root  tips  of 
pot  bound  greenhouse  plants  in  the  rosette  stage,  and  this  has  opened 
up  a  field  of  study  of  such  absorbing  interest  that  my  attention  for 
the  immediate  future  will  be  confined  exclusively  to  this. 

Only  a  few  forms  have  so  far  been  studied,  and  with  but  two 
exceptions,  to  be  mentioned  later,  all  were  of  known  parentage. 

Gates  ^  has  reported  the  sphorophyte  number  of  chromosomes  for 
(Enothera  lamarckiana  to  be  fourteen,  and  my  observations  have  in 
the  main  confirmed  his  count,  with  here  and  there  an  indication  of 
a  fifteenth;  in  no  case,  however,  have  I  been  able  to  demonstrate 
the  actual  presence  of  a  fifteenth  chromosome. 

As  reported  in  Science  ^  for  August  second  of  the  present  year,  an 
unexpected  condition  was  found  in  0.  gigas^  a  pure  bred  strain  aris- 
ing from  a  mutant  coming  out  of  de  Vries'  pure  lamarckiana  about 
1895.  In  every  figure  in  which  the  chromosomes  were  suflSciendy 
separated  to  be  counted,  the  number  was  found  to  be  twenty-eight, 
with  here  and  there  an  indication  of  a  twenty-ninth.  In  no  case, 
however,  was  the  presence  of  a  twenty-ninth  chromosome  actually 
demonstrated. 

Pure  bred  0.  rvbrinervis  was  left  exposed  for  open  pollination, 
and  the  offspring  arising  from  this,  once  more  identified  as  rvbrinervis 
was  the  subject  of  my  next  study.  Fifty-three  figures  were  observed 
in  which  fourteen  chromosomes  could  be  counted  with  certainty;  and 
with  but  one  exception,  no  case  was  found  in  which  there  appeared 
the  slightest  indication  of  a  fifteenth  chromosome. 

0.  lamarckiana,  also  arising  from  the  open  pollination  of  pure 
bred  rvbrinervis  was  found  to  agree  exactly  with  that  of  rvbrinervis 
above  described.  I  saw  no  indication  of  a  larger  number  in  any  of 
the  many  tips  examined. 

»  Botanical  Gazette,  July,  1907.  *  Scieru^. 
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O.  nanella  has  not  been  studied  with  sufficient  thoroughness,  as 
jet,  to  warrant  definite  conclusions,  further  than  to  say  that  it  ap- 
proaches the  lamarckiana  type. 

Through  the  kindness  of  Dr.  McDougal  I  have  some  plants  from 
his  former  cultures  at  the  New  York  Botanical  Garden,  whose  his- 
tory is  as  follows :  seed  was  sent  Miss  Vail  from  England  as  0.  Men- 
nis;  it  proved  to  be  lamarckiana.  One  of  the  plants  from  the  first 
sowing  was  a  lata,  and  by  pollinating  all  of  the  flowers  of  the  latter 
wherever  any  pollen  at  all  matured,  seed  of  pure  strain  was  obtained. 
This  when  sown  again  produced  lata,  obUmga,  lamarckiana,  and 
aUnda,  all  of  which,  with  the  exception  of  the  latter,  I  now  have 
flowering  in  the  garden.  Here  also  my  studies  are  incomplete,  but  it 
will  be  of  interest  to  note  that  these  forms  also  approach  the  lamxircki^ 
ana  type.  From  one  tip  of  0.  lata,  however,  I  have  made  a  positive 
count  of  fifteen  chromosomes,  and  from  others  of  the  same  plant 
there  seemed  to  be  but  little  question  that  this  count  could  be  repeated. 
Gates  has  reported  fourteen  chromosomes  for  lata,  but  it  will  be  re- 
called that  his  plants  were  offspring  of  a  cross  between  0.  lata  9  and 
O.  lamarckiana  i,  as  lata  does  not  ordinarily  mature  its  pollen. 
However,  I  may  add  that  I  have  examined  sections  of  root  tips  of 
pure  bred  lata  in  which  I  saw  no  indication  of  a  number  of  chromo- 
somes in  excess  of  fourteen.  I  hope  that  further  studies  will  throw 
more  light  upon  the  subject. 

Of  especial  interest  has  been  a  cross  of  ShuU's  culture  between 
O.  lata  9  and  0.  gigas  i.  Three  offsprings  were  obtained  which 
I  will  designate  respectively  as  A,  B,  and  C.  Plant  C  showed  a  typical 
gigas  chromosome  condition;  twenty-eight  or  twenty-nine.  Nine- 
teen tips  were  studied,  and  although  the  majority  of  figures  were 
uncountable,  it  could  be  invariably  ascertained  that  the  number 
never  approached  the  lata  or  lamarckiana  type,  or  appeared  to  re- 
semble any  other  with  which  I  am  at  present  familiar,  than  that  of 
gigas.  The  conditions  in  A  and  B,  however,  were  totally  different. 
In  every  tip  from  the  former  in  which  it  was  possible  to  count  the 
chromosomes,  I  found  twenty-one;  never  more.  From  plant  B  I 
obtained  good  sections  of  but  two  tips,  one  of  which  was  excellent. 
In  seven  countable  figures  I  found  twenty-two  chromosomes. 

The  work  upon  the  (Enotheras  was  undertaken  with  no  ambition 
to  confirm  or  overthrow  any  preconceived  ideas  concerning  the 
behavior  of  the  chromosomes,  and  an  effort  will  be  made  throughout 
these  studies,  to  which  the  present  report  is  merely  a  preliminary,  to 
preserve  only  an  unprejudiced  record  of  actual  observations.  One 
of  the  most  interesting  points  brought  to  my  notice  has  been  the  indi- 
cation of  variation  in  the  number  of  chromosomes  found  within  differ- 
ent plants  of  the  same  species.  While  I  have  given  the  number  for 
the  highest  count  of  chromosomes  in  each  case,  and  have  stated  that 
which  seemed  to  be  prevailingly  characteristic  for  each,  I  cannot 
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ignore  the  fact  that  a  number  of  cases  were  observed  in  each  form 
studied  in  which  one  or  more  chromosomes  of  a  mitotic  figure  were 
lacking,  and  could  not  be  found  in  either  the  preceding  or  follow- 
ing sections  of  the  series.  Such  experiences,  although  grudgingly 
admitted  by  many,  are  common  to  all  cytologists,  and  must  be 
considered  in  future  studies. 
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HYBRIDS 

R.  R.  GATES 

The  following  is  a  brief  summary  of  a  few  of  the  results  of  my 
work  thus  far  on  the  cytology  of  (Enothera.  The  work  was  begun  in 
the  summer  of  1905,  and  part  of  the  results  have  already  been  pub- 
lished. The  researches  are  still  in  progress,  and  full  accounts  with 
figures  are  in  process  of  preparation. 

All  the  plants  studied  were  grown  from  guarded  seeds  of  De  Vries. 
Many  of  these  plants  were  aJso  self-pollinated  and  crossed  under 
conditions  of  isolation  in  1906  at  the  Marine  Biological  Laboratory, 
Woods  Hole,  Mass.,  and  this  year  (1907)  I  am  growing  at  the  Uni- 
versity of  Chicago  a  cidture  of  about  1700  plants,  chiefly  from  seeds 
obtained  from  these  crosses.  My  cytological  study  has  been  chiefly 
with  the  germ  cells,  particularly  synapsis  and  the  reduction  mitoses 
in  the  pollen  mother  cells,  with  incidental  observation  of  adjacent 
somatic  mitoses. 

In  (Enothera  lamarckiana  the  sporophyte  or  2  X  number  of  chro- 
mosomes is  14,  the  reduced  number  being  7.  This  is  undoubtedly 
the  common  or  ordinary  number  of  chromosomes  in  the  genus,  from 
which  all  other  numbers  may  be  regarded  as  derivatives.  When 
O.  lata  is  crossed  with  O.  lamarckiana  it  gives  rise  to  the  two  parent 
forms  in  the  first  hybrid  generation.  My  first  examination  of  0.  lamr- 
arckiana  plants  from  this  cross  showed  constantly  20  chromosomes. 
In  the  heterotypic  mitosis  10  chromosomes  regularly  enter  each 
daughter  nucleus.  Occasionally,  however,  11  chromosomes  were 
found  at  one  pole  of  the  spindle,  but  in  all  such  cases  only  9  chro- 
mosomes entered  the  corresponding  daughter  nucleus,  showing  that 
one  chromosome  had  passed  to  the  wrong  pole  of  the  spindle.  I  had 
anticipated  finding  21  chromosomes,  which  might  have  explained  the 
number  as  a  multiple  of  7,  but  in  a  large  number  of  counts  made  in 
various  stages  of  the  heterotypic  mitosis  I  always  demonstrated  20 
chromosomes  and  never  21  in  a  single  case.  It  might  be  assumed 
that  an  unpaired  chromosome  would  be  lost  in  the  cytoplasm  of  the 
cell  some  time  after  synapsis,  but  I  have  never  found  such  a  chro- 
mosome, and  moreover,  m  a  number  of  counts  made  of  somatic 
mitoses  in  various  adjacent  flower  tissues  which  were  actively  divid- 
ing, I  was  never  able  to  demonstrate  more  than  20  chromosomes, 
though  it  should  be  said  that  in  somatic  tissues  the  chromosomes  are 
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much  smaller  and  less  satisfactory  to  deal  with  than  in  the  germ 
cells.  Moreover,  if  this  number  of  chromosomes  had  originated 
through  the  union  of  three  nuclei  having  7  chromosomes  each,  or  of 
two  parental  nuclei  having  respectively  7  and  14  chromosomes,  we 
should  expect  to  find  homologous  chromosomes  pairing,  i,  e,  7  with  7, 
and  the  remaining  7  not  pairing  with  each  other  but  being  irregularly 
distributed.  This  condition  was  found  by  Rosenberg  in  Drosera 
rotundifolia  X  D.  longifolia,  in  which  in  the  reduction  mitoses  the 
10  chromosomes  from  one  parent  pair  with  10  of  the  20  from  the 
other  parent,  while  the  remaining  10  are  irregulariy  distributed  or  left 
out  in  the  cytoplasm.  Nothing  of  this  kind  has  been  observed  in  this 
hybrid  however,  but,  instead,  10  chromosomes  regulariy  enter  each 
daughter  nucleus,  with  the  occasional  exceptions  already  noted.* 

I  have  since  examined  material  of  lamarckiana  plants  from 
another  cross  of  0.  lata  with  O.  lamarckianay  in  which  the  number 
of  chromosomes  is  14.  This  makes  it  probable  that  20  is  an  excep- 
tional number.  It  is  evident  that  a  large  number  of  individuals  will 
have  to  be  examined  to  determine  the  distribution  of  the  chromo- 
some count.  It  is  also,  of  course,  essential  to  know  the  complete 
pedigree  of  every  plant  studied.  In  the  heterotypic  mitosis  in  this 
hybrid  one  finds  with  comparative  frequency  that  one  chromosome 
passes  to  the  wrong  pole  of  the  spindle,  thus  making  the  numbers  of 
chromosomes  in  the  daughter  nuclei  respectively  8  and  6.  These 
irregularities  in  the  distribution  of  the  chromosomes  in  the  hetero- 
typic mitosis  should,  on  the  basis  of  the  persistence  or  "genetic  con- 
tinuity "  of  the  chromosomes,  lead  to  variations  in  the  diromosome 
counts  of  different  individuals  of  the  same  race,  and  it  is  possibly  in 
this  direction  that  the  explanation  of  some  of  the  variations  in  chro- 
mosome numbers  is  to  be  sought. 

In  the  telophase  of  the  heterotypic  mitosis  the  chromosomes 
usually  have  the  appearance  of  tetrads  (though  this  is  not  invariable), 
but  they  are  in  reality  bivalent  chromosomes  with  the  members  of  a 
pair  variously  placed  in  regard  to  each  other,  lying  across  each  other 
or  at  various  angles  or  side  by  side.  This  condition  has  been  observed 
in  the  hybrids  already  mentioned  having  20  and  14  chromosomes 
respectively,  and  in  0.  rubrinervis. 

In  the  telophase  of  the  somatic  mitoses  examined  (flower  tissues), 
the  chromosomes  are  usually  two-lobed  in  appearance,  though  in  the 
metaphase  and  anaphases  they  are  rods  or  loops.  The  chromosomes 
in  the  telophase  of  the  homotypic  mitosis  are  also  usually  two-lobed 
or  constricted  in  the  middle.  The  homotypic  chromosomes  are  at 
this  time  reduced  nearly  to  the  size  of  the  somatic  chromosomes. 
In  the  telophase  of  the  heterotypic  mitosis  the  members  of  a  bivalent 
chromosome  are  less  frequently,  though  occasionally,  two-lobed  or 

^  This  hybrid  is  now  known  tobeO.lataXO.  gigoB,  See  Bot.  Oaz.  48 :  179-199. 
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dumb-bell  shaped.  It  is  possible  that  this  constricted  shape  of  the 
chromosomes  may  be  influenced  to  some  extent  by  the  treatment,  as 
it  appears  to  be  absent  from  the  telophase  of  the  heterotypic  mitosis 
in  some  of  the  material  examined. 

In  O.  rvbrinervis  the  number  of  chromosomes  was  found  to  be 
14  in  every  case  counted.  The  pollen  mother  cell  is  considerably 
larger,  but  the  chromosomes  are  approximately  the  same  size  as  in 
the  other  forms  examined.  The  heterotypic  spindle  is  correspond- 
ingly larger  and  with  more  numerous  mantle  fibres.  Conspicuous 
protoplasmic  connections  are  commonly  found  between  the  mother 
cells  in  this  mutant,  and  are  probably  of  constant  occurrence. 
0.  nandla  also  has  14  chromosomes  so  far  as  counts  have  been 
made.  The  size  of  its  chromosomes  and  pollen  mother  cells  is  about 
the  same  as  in  0.  lamarckiana,  the  cells  probably  somewhat  smaller. 

O.  biennis  cruciata  is  a  mutant  or  variety  of  the  European  0.  bien^ 
niSf  which  was  found  by  De  Vries  in  a  locality  in  Holland.  Plants  of 
this  variety  were  grown  from  guarded  seeds  of  De  Vries.  The  pollen 
mother  cells  in  synapsis  show,  in  addition  to  the  large  nucleolus  and 
the  delicate  spirem  which  is  coiled  in  the  synaptic  knot,  a  very  much 
smaller  body  the  size  of  a  chromosome,  spherical,  and  apparently 
hollow.  At  any  rate  its  centre  stains  less  deeply  than  the  surround- 
ing portions,  appearing  as  a  lighter  area.  In  appearance  the  body 
is  much  like  a  small  nucleolus,  though  it  usually  stains  less  deeply. 
This  body  has  been  observed  in  nearly  every  mother  cell  and  is 
apparently  constandy  present.  It  always  has  the  same  size,  char- 
acteristic appearance,  and  staining  properties.  This  body  not  only 
differs  greatly  from  the  nucleolus  in  size  and  shape,  but  in  that  it 
persists  as  a  body  taking  the  chromatin  stain,  while  the  nucleoli  dis- 
appear very  soon  after  the  nuclear  membrane  breaks  down  in  the 
prophase  of  the  heterotypic  mitosis,  and  usually  lose  their  power  of 
taking  chromatin  stains  even  before  this.  The  nucleolus  itself  is 
many  times  larger  and  usually  in  this  stage  of  synapsis,  flattened 
against  the  nuclear  wall. 

I  judge  this  to  be  the  same  body  which  occurs  very  commonly 
beside  the  spindle  during  the  reduction  mitoses  in  O.  lamarckiana, 
in  the  hybrids  between  0.  lata  and  0.  lamarckiana,  and  in  0.  rubri- 
nervis,  in  all  of  which  I  have  observed  it.  In  the  hybrid  having  20 
chromosomes,  two  of  these  bodies  were  frequently  observed  to  be 
present  during  the  heterotypic  mitosis. 

These  bodies  were  provisionally  designated  heterochromosomes 
on  account  of  their  close  resemblance  to  the  chromosomes  in  appear- 
ance, and  because  of  their  frequent  occurrence  on  the  spindle.  But 
the  right  is  reserved  to  apply  another  term,  if  when  their  origin  and 
full  history  is  known,  another  name  is  found  more  appropriate. 
With  careful  staining  they  will  probably  be  found  in  synapsis  in 
other  species  of  (Enotherai  and  perhaps  search  will  reveal  bodies 
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of  a  similar  nature  in  other  plants.  These  few  facts  in  r^ard  to 
these  bodies  are  stated  reservedly  until  their  complete  history  is 
known.    This  is  now  being  worked  out. 

Researches  on  all  these  mutants  and  others  are  being  continued, 
as  the  simultaneous  study  of  all  the  forms  affords  a  valuable  means 
of  comparison. 
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UEBER  DIE  MYXOSPORIDIEN  VON  DREPANOPSETTA 
PLATESSOIDES   (FABR.) 

S.  AWERINZEW 

Indem  ich  die  zweisporigen  Myxosporidien  aus  der  Gallenblase 
von  Drepanopsetta  plaiessoides  untersuchte,  bin  ich  zu  der  Ueber- 
zeugung  gelangt,  dass  der  Entwicklungsgang  ihres  Sporen  ziemlieh 
bet^tchtlich  von  den  Vorgangen  abweicht,  welche  wir  wahrend  der 
Bildung  der  Sporen  bei  den  vielsporigen  Myxosporidien  beobachten. 

Das  hauptsachlichste  Unterscheidungsmerkmal  bildet  das  Fehlen 
eines  typischen  Pausporoblasten  bei  den  zweisporigen  Myxosporidien, 
aus  wdchem,  nachdem  sich  12-14  Kerne  in  dessen  Inneren  gebildet 
haben,  zwei  Sporen  entstehen ;  bei  den  Myxosporidien  aus  der  Gal- 
lenblase von  Drepanopsetta  pkUessaides  wird  jede  Spore  einzeln  aus 
einer  selbstandigen  Anlage  gebildet,  welche  aus  der  Kopulation 
zweier  Gebilde  mit  von  einander  verschiedenen  Kernen  hervorgeht. 

In  einer  jeden  solchen  Anlage  entstehen  nicht  etwa  mehrere, 
nicht  von  einander  gesonderte  Kerne,  wie  wir  dies  bei  den  vielsporigen 
Formen  sehen,  sondem  es  erfolgt  unmittelbar  eine  Theilung  der 
Keim-Zelle  in  zwei  Halften,  von  welchen  die  eine  Zelle  dem  Inhalt 
der  zukunftigen  Spore  seinen  Ursprung  giebt,  die  andere  hingegen  — 
der  Hiille  dieser  letzteren. 

Bei  der  darauifolgenden  Entwicklung  machen  diese  beiden  Zellen 
eine  weitere  Theilung  durch :  die  Zelle,  welche  die  Anlage  der  Hiille 
reprasentiert,  erfahrt  eine  Zweitheilung,  entsprechend  den  beiden 
Halften  der  Sporenhiille;  die  den  Sporeninhalt  reprasentierende 
Zelle  theilt  sich  ebenfalls  in  zwei  Halften,  von  welchen  die  eine  den 
eigendichenaus  einer  Zelle,  aber  mit  zwei  Kernen,  bestehenden  Korper 
der  Spore  abgiebt,  wahrend  die  andere,  sich  weiter  theilend,  die- 
jenigen  Zellen  hervorbringt,  aus  denen  spaterhin  die  Polkapseln 
entstehen. 

Ausser  den  genannten  Anlagen  finden  sich  im  Korper  der  zwei- 
sporigen Myxosporidien  wahrend  der  Entwicklung  der  Sporen  auch 
noch  zwei  Kerne,  deren  Aufgabe  es  ist,  das  Gleichgewicht  in  den 
vegetativen  Prozessen  des  gesamten  Organismus  aufrecht  zu  erhalten. 

Was  nun  die  Bedeutung  der  Verschmelzung  der  beiden  an  Grosse 
verschiedenen  Kerne  wahrend  der  Bildung  der  Porenanlagen  betrifft, 
—  ob  wir  es  hier  mit  einer  Antogamie  oder  mit  einer  versteckten 
Heterogamie  zu  thun  haben  —  so  bleibt  diese  Frage  fiir  mich  einst- 
weilen  unaufgeklart,  allein  ich  neige  noch  am  meisten  der  Ansicht 
zu,  dass  die  Kopulation  der  Kerne  nur  das  Endstadium  einer  voran- 
gegangenen  Verschmelzung  des  Protoplasma  zweier  Myxosporidien 
dajsteUt. 
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SOME  OBSERVATIONS  ON  THE  CYTOLOGY  OF 
INVERTEBRATE  NERVE   CELLS 

(Abstract) 

W.  W.  SMALLWOOD  AND  C.  G.  ROGERS 

The  purpose  of  this  report  is  to  record  our  observations  upon 
the  structure  of  the  cytoplasm  other  than  neuro-fibrillar.  The  vari- 
ous terms  employed  to  describe  the  stainable  and  non-stainable 
substances  of  the  cytoplasm  of  vertebrate  nerve  cells  have  been  in 
quite  a  large  measure  carried  over  to  the  description  of  the  inverte- 
brate nerve  cells.  Since  the  Nissl  bodies  were  discovered,  a  large 
number  of  terms  have  been  employed  to  describe  similar  structures. 
These  different  terms  indicate  the  large  amount  of  uncertainty  as 
to  the  significance  of  the  bodies  found  in  the  cytoplasm.  In  addi- 
tion to  the  so-called  Nissl  bodies  there  is  present  pigment  which,  in 
certain  instances  at  least,  has  been  confused  with  Nissl  bodies,  because 
the  observations  were  made  only  upon  fixed  material. 

The  structure  of  the  cytoplasm  of  invertebrate  nerve  cells  is 
modified  by  the  presence  of  vacuoles,  lymph  spaces,  and  the  actual, 
though  infrequent,  penetration  of  nerve  cells  by  capillaries.  The 
vacuoles  occur  in  the  cytoplasm,  nucleus  and  nucleolus,  and  are 
probably  in  each  case  formed  in  a  similar  manner  even  when  the 
exciting  cause  is  different.  'The  vacuoles  which  occur  in  the  nucleolus 
are  similar  to  those  that  occur  in  this  structure  in  ova  during  their 
growth  in  most  animals.  The  vacuoles  that  occur  in  the  nucleus  are 
not  as  common,  and  it  is  doubtful  whether  they  are  normally  present. 
So  far  as  we  are  aware  they  have  not  been  seen  in  the  living  nerve 
cells,  but  are  common  in  cadaveric  specimens.  Nerve  tissue,  pooriy 
fixed,  may  also  exhibit  them,  which  renders  it  all  the  more  probable 
that  they  are  artifacts.  The  vacuoles  in  the  cytoplasm  are  present 
in  the  nerve  cells  of  many  animals,  both  vertebrate  and  invertebrate. 
They  can  be  seen  in  the  living  nerve  cells  of  gasteropods  and  in  the 
crayfish,  and  have  been  reported  in  some  vertebrate  nerve  cells. 
In  well-fixed  and  stained  sections,  vacuoles  are  very  commonly  found 
which  agree  in  form  and  appearance  with  the  condition  in  the  living 
cells.  Considerable  work  has  been  done  to  determine  the  question 
whether  or  not  cytoplasmic  vacuoles  have  a  definite  wall.  It  is  neces- 
sary in  this  connection  to  distinguish  them  from  the  lymph  spaces 
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and  capillaries.  The  vacuoles  are  usually  small  and  irregulariy  dis- 
tributed throughout  the  cytoplasm.  They  contain  a  homogeneous 
fluid  or  differential  bodies,  and  their  presence  is,  we  believe,  inti- 
mately associated  with  the  metabolism  of  the  cell  and  probably  with 
its  constructive  phases.  These  vacuoles  vary  in  number  in  the  same 
animal  and  in  the  same  species,  which  would  indicate  that  they  are 
transitory  structures  which  appear  under  the  influence  of  certain 
chemical  changes  and  then  disappear.  A  critical  study  of  the 
cytoplasm  in  contact  with  the  vacuoles  fails  to  show  any  evidence  of 
a  separate  wall.  The  vacuole  in  the  living  nerve  cell  very  forcibly 
reminds  one  of  the  food  vacuoles  in  Protozoa  which  appear  to  have 
a  wall,  but  this  appearance  b  really  due  to  the  contact  erf  fluids  of 
different  refractive  index.  In  stained  specimens  the  vacuoles  look 
as  if  they  were  limited  by  a  more  deeply  staining  border,  but  this  may 
be  explained  as  due  to  the  accumulation  of  cytoplasmic  granules 
about  the  enclosed  fluid.  We  believe  that  it  is  no  more  proper  to 
speak  of  a  wall  to  these  vacuoles  than  it  is  to  say  that  the  numerous 
vacuoles  in  the  Protozoa  have  walls. 

The  lymph  spaces  are  of  a  different  character,  and  are  usually 
located  in  the  periphery  of  the  cytoplasm.  They  are  intimately 
associated  with  the  circulatory  system  and  may  contain  blood;  in 
some  of  the  larger  invertebrate  nerve  cells  the  periphery  is  richly 
supplied  with  lymph  canals  which  may  occasionally  contain  cor- 
puscles. These  canals  or  spaces. can  in  many  instances  be  traced 
direcdy  in  to  the  surrounding  neuroglia  tissue,  and  appear  to  be  of 
a  more  permanent  character  than  the  vacuoles.  We  are  inclined  to 
believe  that  these  lymph  canals  are  supplied  with  definite  walls. 

A  suflSdent  number  of  instances  have  been  observed  by  us  as 
well  as  described  by  others  to  show  that  occasionally  nerve  cells 
are  actually  penetrated  by  capillaries.  These  capillaries  terminate 
in  finger-like  branches,  through  the  cell,  6r  even  through  two  or  three 
adjacent  cells.   They  have  a  definite  wall  and  contain  blood  corpuscles. 

Our  detailed  study  upon  the  nerve  cells,  particularly  of  gastero- 
pods,  has  not  been  upon  any  particular  ganglion.  The  form  of  the 
nervous  system  of  moUusca  is  such  as  to  prohibit  any  such  study. 
The  result  has  been  that  we  have  not  restricted  our  observations.  Our 
observations  have  been  upon  the  following:  Haminea,  Venus,  Pla- 
norbis,  Limax,  Helix,  Littorina,  Melentho,  Montagua,  Aplisia,  and 
the  crayfish,  Astacus.  In  all  of  these  the  commonest  cytoplasmic 
structure  is  the  vacuole.  In  the  living  nerve  cells,  isolated  and  mounted 
in  the  blood  of  the  animal  from  which  it  is  taken,  little  can  be  seen  of 
its  detailed  structure.  The  vacuole  can  be  determined  in  the  follow- 
ing manner:  The  living  isolated  nerve  cell  is  placed  in  a  1/500  per 
cent  solution  of  methylene  blue  or  neutral  red  in  common  salt  solution 
under  an  oil  immersion  lens.  At  first  but  little  can  be  determined, 
but  as  the  stain  progresses  the  vacuoles  become  more  distinct  and 
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their  contents  take  on  a  differential  stain.  The  time  that  it  takes 
to  stain  these  vacuoles  will  vary,  but  usually  from  five  to  twenty 
minutes  will  be  the  limit,  as  after  that  time  the  nerve  cells  are  apt 
to  become  very  deeply  stained,  and  undergo  some  changes  in  their 
general  appearatice  and  the  character  of  their  parts.  This  gives  only 
about  fifteen  minutes,  when  a  critical  study  may  be  made.  During 
this  time  the  vacuoles  are  readily  made  out  as  isolated,  spherical 
bodies  containing  a  fluid.  It  is  impossible  to  trace  any  connection 
between  vacuole  and  vacuole.  The  size  is  also  further  evidence  of 
their  individuality,  for  they  range  from  the  very  minutest  bodies 
recognizable  with  the  oil  inunersion  lens  to  structures  one  third  the 
size  of  the.  nucleus.  Studying  the  vacuoles  in  Planorbis  and  Limax 
for  two  years,  in  which  we  examined  almost  weekly  the  living  nerve 
cells  from  hundreds  of  specimens,  we  are  convinced  that  these  vacuoles 
are  transitory  structures,  and  that  they  vary  in  number  from  time  to 
time,  and  that  they  are  not  limited  by  a  distinct  wall.  The  vacuoles 
move  about  in  the  cytoplasm  when  the  nerve  ceil  is  put  under  pressure, 
which  would  be  impossible  if  they  were  part  of  lymph  spaces  that  had 
grown  in  from  the  surrounding  neuroglia  tissue.  We  are  inclined  to 
believe  that  many  of  the  results  reported  by  Rhode,  Holmgren, 
Montgomery,  and  others  belong  to  our  classification  of  vacuoles, 
although  they  have  given  to  them  a  number  of  distinct  terms.  In  all 
of  the  animals  studied  the  vacuoles  contain  either  a  colorless,  trans- 
parent liquid  or  solid  bodies  of  various  sizes.  The  bodies  are  of  dif- 
ferent appearance  in  the  several  animals  studied  and  named,  and  have 
somewhat  different  distribution,  those  occurring  in  Limax  being 
always  found  within  the  limits  of  the  vacuoles,  while  in  some  of  the 
others  these  bodies  were  not  enclosed  in  a  definite  vacuole.  The 
number  of  these  bodies  varies  from  time  to  time,  seeming  to  depend 
upon  the  physiological  state  of  the  animal.  From  numerous  physio- 
logical experiments,  such  as  the  effects  of  starvation  and  feeding, 
and  fatigue,  we  are  inclined  to  believe  that  these  bodies  serve  an 
immediate  function  in  the  economy  of  the  invertebrate  nerve  cells. 
Morphologically  and  chemically,  they  do  not  correspond  to  the  well- 
known  Nissl  bodies  of  vertebrates,  but  we  are  of  the  opinion  that 
they  do  a  work  similar  for  the  invertebrate  nerve  cell. 

In  Planorbis,  the  living  nerve  cell  presents  a  larger  number  of 
bodies,  of  a  golden  brown  color.  These  are  distributed  throughout 
the  cytoplasm,  and  may  be  arranged  in  the  well-known  fashion  for 
the  Nissl  bodies.  Our  attention  was  first  called  to  these  bodies  after 
fixing  the  nerve-ganglion  in  osmic  acid  for  eight  days.  The  nerve 
cells  when  mounted  without  further  stain  showed  a  large  number 
of  blackened  oval  bodies  in  the  cytoplasm,  and  we  felt  sure  that  these 
were  Nissl  bodies  and  so  described  them  in  an  earlier  report;  but 
when  the  living  nerve  cell  was  studied  these  bodies  were  found  to  be 
the  most  conspicuous  structure  present  in  the  cytoplasm,  and  we  were 
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able  to  detect  numerous  vacuoles  here  and  there  in  the  cytoplasm, 
and  these  vacuoles  contained  a  liquid  of  low  viscosity  and  held  bodies 
with  a  characteristic  Brownean  movement  which  could  be  seen 
dancing  in  it.  Numerous  tests  were  made  to  determine  the  chemical 
nature  of  these  golden  brown  bodies,  and  while  we  cannot  say  definitely 
just  what  the  substance  is,  we  are  in  a  position  to  state  to  which  gen- 
eral class  it  belongs.  It  is  even  possible  that  the  objects  are  not  of 
constant  composition.  Most  of  the  tests  used  required  a  long  time 
for  their  action,  and  in  some  cases  even  failed  to  act  at  all.  The  osmic 
acid  blackened  only  superficially  after  an  immersion  of  eight  days 
in  a  three  per  cent  solution,  which  would  indicate  that  the  substance 
is  highly  resistent,  or  that  it  is  not  fat  but  some  substance  which  may 
break  up  into  a  fat  and  something  else.  The  test  with  sudan  III 
and  with  cyanine  indicates  the  same  thing.  In  either,  the  bodies 
swell  up  and  cling  together,  becoming  partially  dissolved  and  dif- 
fused throughout  the  cell.  On  account  of  the  diflSculty  of  making 
these  tests,  it  was  thought  for  the  time  that  they  might  be  proteid  in 
character,  but  all  attempts  to  dissolve  them  with  pepsin  have  so  far 
failed.  Further  tests  with  concentrated  sulphuric  acid  indicate  that 
the  pigment  is  one  of  the  lipochrome  group,  the  bodies  assuming 
a  bright  blue  color  as  soon  as  the  acid  touches  them. 

A  number  of  observers  have  reported  in  Astacus  the  presence  of 
cleariy  definite  Nissl  bodies.  Our  study  upon  the  living  nerve  cells 
of  Astacus  does  not  reveal  the  presence  of  any  such  structures,  but 
does  show  the  cytoplasm  to  be  filled  with  numerous  vacuoles  in  which 
are  found  differential  bodies. 

In  a  word,  our  results  indicate  that  the  pigment  bodies  of  inver- 
tebrate nerve  cells  have  been  confused  with  Nissl  bodies,  and  it  is  very 
doubtful  if  an  invertebrate  nerve  cell  shows  any  such  clearly  defined 
Nissl  bodies  as  have  been  reported  from  time  to  time.  The  inverte- 
brate nerve  cells  do  show,  however,  the  presence  of  a  large  number 
of  vacuoles,  the  most  of  which  contain  differential  bodies,  which  we 
believe  perform  a  function  similar  to  that  performed  by  the  Nissl 
body  for  the  vertebrate  nerve  cell. 
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AN  EXPERIMENTAL  STUDY  ON  THE    CLEAVAGE  OF 
THE   CTENOPHORE   EGG 

N.  YATSU 

As  to  the  mechanism  of  the  cleavage  of  the  ctenophore  egg  three 
explanations  have  been  put  forth.  Ziegler  maintains  that  an  "  action 
at  a  distance"  by  the  centers  causes  the  ring-like  thickening  of  ecto- 
plasm, which  constricts  the  egg.  Rhumbler  interprets  Ziegler's 
observations  according  to  his  theory.  He  assumes  the  presence  of 
the  nuclear  fluid  along  the  axis  of  the  egg.  After  the  cleavage  furrow 
is  formed  by  the  contraction  of  the  pole-rays,  it  deepens  at  the  expense 
of  the  nuclear  fluid.  Moreover,  at  its  bottom  is  a  structure  cooi- 
parable  to  the  centrosome  ("  Fiirchenkopf  **),  which  directs  the  growth 
of  the  membrane.  Fischel  incidentally  expresses  his  view  that  there 
may  be  pole-rays,  although  we  do  not  see  them,  and  by  the  contrac- 
tion of  those  rays  the  egg  is  cut  in  two. 

Contrary  to  the  usual  view,  the  egg  of  Beroe  ovata  is  an  extraor- 
dinary structure,  while  its  cleavage  belongs  to  a  rather  common 
type.  Ziegler  and  Rhumbler  think  that  the  entoplasm  represents 
highly  viscous  deutoplasm.  But  as  a  matter  of  fact  this  substance 
b  absent,  as  shown  in  the  fixed  material.  The  central  mass  is  a 
watery  alveolar  substance,  which  Chun  has  correctly  called  "Zell- 
saft."  Ziegler  and  Rhumbler  maintain  that  the  cleavage  of  Beroe 
b  one-sided.  But  it  b  very  clear  that  there  b  a  vegetative  furrow 
(although  shallow)  and  a  lateral  elongation  of  the  egg. 

Now  as  to  the  cleavage-head.  It  b  formed  at  first  as  a  shallow 
indentation.  As  it  grows  deeper  and  deeper,  beautiful  spinnings  of 
hyaloplasm  are  to  be  seen  along  the  walb.  The  cleavage-head  b  a 
saddle-like  thickening  of  ectoplasm,  which  shows  a  fine  alveolar 
structure.  Rays  can  be  seen  in  the  cleavage-head,  but  they  do  not 
extend  into  the  entoplasm.  Below  are  found  compressed  alveoli  of 
entoplasm.  Thb  shows  cleariy  that  the  cleavage-head  b  the  structure 
which  b  itself  actually  pushing  downwards  instead  of  being  pulled 
by  the  contraction  of  its  rays. 

In  order  to  test  the  theories  of  the  mechanbm  of  cleavage  of  the 
Beroe  egg  I  performed  several  series  of  experiments  at  Naples,  of 
which  four  will  here  be  mentioned. 
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Experiment  A:  The  nucleated  portion  is  cut  off  from  the  egg  at 
diflFerent  periods  and  leveb  (angles),  and  the  behavior  of  the  enu- 
cleated fragments  is  studied. 

Result  1 :  Pieces  deprived 
of  the  cleavage-head 
do  not  divide. 

Result  2:  Pieces  with  the 
cleavage-head  divide. 
Neither  nucleus  nor 
center  is  necessary  for 
cell  constriction  after 
the  cleavage-head  is 
established.  This  ex- 
cludes the  possibility 
that  cleavage  may  be 
due  to  the  tendency  of 
the  cytoplasm  to  as- 
sume a  spherical  form 
around  the  two  centers 
(geometrical),  because, 
if  so,  the  cleavage-head 
would  be  pushed  out 
and  the  egg  fragment 
would  resume  its  spher- 
ical form.  The  possi- 
bility that  the  cleavage 
head  is  formed  by  a 
down  flow  of  ectoplasm 
from  the  animal  pole 
b  also  eliminated. 


B 


o 


Result  3 :  Division  goes  on 
at  the  normal  rate  or 
a  little  slower  (15  m  per 
minute  on  an  average). 
The  growth  of  the 
cleavage-head  is  hardly  influenced  by  the  cytoplasm  cut  off. 

Result  4:  The  cleavage  furrow  is  sometimes  straight.  This 
shows  that  the  amount  of  cytoplasm  on  both  sides  of  the 
cleavage  plane  has  nothing  to  do  with  the  growth  of  the 
cleavage-head. 

Result  5 :  The  cleavage  furrow  sometimes  doubles  on  itself  and 
returns  towards  the  animal  pole.  This  makes  Ziegler's 
ring  theory  improbable,  because  after  the  turn  of  the 
deavage-head  upwards  the  dbtance  between  it  and  the 
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surface  becomes  greater.  The  curling-up  of  the  cleavage 
furrow  makes  the  presence  of  Rhumbler's  supposed  nuclear 
fluid  axis  impossible.  It  is  interesting  to  note  that  the  di- 
rection of  curling  of  the  cleavage  furrow  is  independent  of 
both  the  level  and  angle  of  cutting. 

Experiment  B  :  A  portion  containing  one  of  the  nuclei  is  cut  off 
at  different  periods  and  levels  (angles). 

Result  6 :  The  cleavage  furrow  goes  down  straight  and  cuts  the 
'egg  in  two.    Thb  is  another  proof  of  results  2  and  4. 

Experiment  C  :  The  cleavage-head  b  split  by  a  vertical  incision 
at  different  periods. 

Result  7:  A  new  cleavage-head  b  formed  a  litde  below  the 
original  one,  and  cleavage  proceeds  at  a  right  angle  to  the 
incision.  In  no  case  are  two  cleavage-heads  form^. 
Result  8:  The  cleavage-head  b  formed  on  the  side  with  the 
larger  amount  of  ectoplasm.  Thb  shows  that  a  certain 
quantity  of  ectoplasm  b  important  for  the  formation  of  the 
deavage-head. 

Experiment  D  :  An  incbion  b  made  at  the  vegetative  pole. 

Result  9 :  When  the  incbion  b  median  and  vertical,  then  two 
cleavage-heads  are  formed,  the  egg  being  constricted  into 
three  lobes.  Thb  shows  that  the  cytoplasm  near  the  vege- 
tative pole  has  something  to  do  with  the  formation  of  die 
cleavage-head. 

Result  10:  When  the  incbion  b  oblique,  the  cleavage  goes  on 
almost  unaflFected.  That  the  cleavage-head  passes  dose  by 
the  incbion  shows  how  litde  the  cytoplasm  at  the  side 
influences  the  cleavage. 

Conclusion:  The  above  experiments  show  that  Ziegler's  explana- 
tion b  more  satbfactory  than  Rhumbler's;  yet  it  b  not  altogether 
correct,  for  the  reason  that  both  results  5  and  7  make  the  presence 
of  an  elastic  ring  improbable.  Rhumbler's  interpretation  b  also 
untenable.  There  b  no  membrane  (pellicle)  along  the  wall  of  the 
cleavage  furrow.  There  b  no  visible  axial  differentiation  in  the 
entoplasm.  Moreover,  results  5,  7,  and  9  dbprove  its  presence.  The 
cleavage-head  does  not  exert  a  pull,  but  it  b  a  structure  of  push,  as 
shown  by  the  absence  of  rays  in  the  entoplasm  and  by  the  compressed 
entoplasm  alveoli  at  its  tip.  The  only  plausible  explanation  b  thb. 
The  egg  of  BeroS  b  cut  by  the  contraction  of  the  saddle-like  (in  later 
stages  ring-shaped)  accumulation  of  ectoplasm  (the  cleavage-head 
in  optical  section)  uninfluenced  by  other  structiures,  such  as  nuclei, 
centers,  and  amount  of  cytoplasm.  Result  5  b  obtained  because  the 
accumulation  b  shifted  to  one  side  by  some  unknown  cause.    Result 
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8  is  produced  also  by  unequal  distribution  of  the  accumulation.  Re- 
sult 9  b  due  to  the  splitting  of  the  lower  end  of  this  accumulation  by 
the  vegetative  incbion.  How  thb  saddle-like  accumulation  of  ecto- 
plasm b  formed  b  still  uncertain.  It  may,  however,  be  in  some  way 
related  to  the  general  migration  of  ectoplasm  during  the  cleavage 
stages. 
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PHOTOGRAPHIC  ILLUSTRATIONS  OP  THE  MORPHO- 
LOGICAL AND  PHYSIOLOGICAL  INDIVIDUALITY  OF 
THE  CHROMOSOMES  IN  HEMIPTERA,  WITH  AN 
ACCOUNT  OF  OBSERVATIONS  ON  THE  CHROMO- 
SOMES  IN  THE   LIVING  CELLS 

EDMUND  B.  WILSON 

This  communication  consisted  of  a  demonstration  of  about 
eighty  lantern-slides  prepared  from  photographs  of  the  chromosomes 
of  the  Hemiptera  heteroptera,  taken  by  the  author.  The  facts  illus- 
trated were  as  follows : 

(1)  The  size-diflFerences  of  the  chromosomes,  and  the  fact  that 
in  the  somatic  groups  the  chromosomes  may  be  arranged  in  pairs 
according  to  their  size  [shown  in  the  spermatogonia  and  ovarian 
celb  of  Protenor,  Anasa,  Largus,  Pachylis,  and  Euschistus]. 

(2)  The  sexual  diflFerences  of  the  chromosome-groups.  In  those 
Hemiptera  that  possess  an  odd  or  ** accessory"  chromosome  the 
female  groups  have  one  more  chromosome  than  the  male,  the  addi- 
tional chromosome  being  of  the  same  size  as  the  odd  chromosome  of 
the  male  [shown  in  Protenor  (J  13,  9  14),  Anasa  (^  21,  9  22), 
and  Largiis  cindus  {i  11,  9  12)].  In  those  Hemiptera  that  possess 
a  pair  of  idiochromosomes  in  place  of  a  single  odd  chromosome  the 
number  is  the  same  in  both  sexes,  but  only  the  male  contains  the  small 
idiochromosomes  [shown  in  Euschistus], 

(3)  The  odd  chromosome  varies  greatly  in  size  in  different 
genera.  In  Protenor,  it  is  the  largest  of  the  group ;  in  Anasa,  one  of 
the  largest  three;  in  Alydus,  the  second  smallest.  In  the  growth- 
period  it  remains  in  a  compact  form,  constituting  a  chromosome- 
nucleolus  of  corresponding  size  [shown  in  these  three  forms]. 

(4)  The  odd  chromosome  in  Hemiptera  divides  equally  in  one 
of  the  spermatocyte-divisions  but  passes  undivided  to  one  pole  in  the 
other  (usually  the  first,  but  in  Archimerus  and  Pachylis  the  second). 
Half  the  spermatid-nuclei  therefore  receive  one  more  chromosome 
than  the  other  half  [shown  in  Protenor,  Anasa,  Alydus,  and  Ar- 
chimerus], In  Alydus  and  Protenor  both  daughter-groups  from  the 
same  spindle  in  late  anaphase  were  shown  in  polar  view,  demonstrat- 
ing six  chromosomes  at  one  pole  and  seven  at  the  other. 

(5)  The  idiochromosomes  remain  in  a  condensed  form  during 
the  growth-period,  in  some  species  having  the  form  of  compact 
chromosome-nucleoli,  in  others  that  of  longitudinally  divided  rods, 
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in  addition  to  a  plasmosome  [shown  in  Lygaeua  bicrucis].  They 
divide  as  separate  univalents  in  the  first  spermatoeyte-division  [shown 
in  Lygaeus,  Euschistus,  and  Coenus],  conjugate  at  the  end  of  this 
division  to  form  an  asymmetrical  bivalent  [shown  in  Euschistus, 
Coenus,  Lygaeus],  which  separates  into  its  two  components,  the  large 
idiochromosome  passing  to  one  pole,  the  small  one  to  the  other  [shown 
in  side-view  in  Lygaeus,  in  polar  views  of  the  anaphase  daughter- 
groups  from  the  same  spindle  in  Euschistus  and  Coenus]. 

(6)  I'he  **m-chro7noso7n€s'^  nearly  always  form  the  smallest  pair. 
In  Protenor  or  Leptoglossus  they  are  hardly  smaller  than  the  others ; 
but  from  this  condition  a  graduated  series  of  successively  smaller 
forms  may  be  traced,  through  Anasa,  Euthoctha,  Metapodius,  Aly- 
dus,  and  Archimerus,  down  to  Pachylis,  where  they  are  extraordi- 
narily minute  and  no  larger  than  centrioles  [this  entire  series 
shown].  In  all  the  forms  the  m-chromosomes  show  the  same  be- 
havior whether  large  or  small,  remaining  separate  as  a  rule  during 
the  growth-period,  and  only  conjugating  to  form  a  bivalent  in  the 
prophases  of  the  first  division  [shown  in  Leptoglossus,  Anasa,  Aly- 
dus,  and  Pachylis],  In  some  forms  they  assume  a  compact  nucleolus- 
like  form  at  a  much  earlier  period  than  the  other  chromosomes 
[shown  in  Alydus]. 

(7)  In  two  genera,  Banasa  and  Metapodius,  supernumerary 
chromosomes  may  be  present  in  certain  individuals,  though  absent 
in  other  individuals  of  the  same  species.  In  Metapodius  from  one 
to  five  such  chromosomes  may  be  found,  the  number  present  being 
constant  in  a  given  individual.  They  show  specific  peculiarities  of 
size  and  behavior,  as  described  in  a  separate  communication.  The 
evidence  indicates  that  these  chromosomes  are  supernumerary  small 
idiochromosomes,  probably  in  process  of  degeneration,  and  that  their 
presence  is  due  to  the  occasional  failure  of  the  idiochromosome-dyad 
to  divide  in  a  preceding  generation  [illustrated  by  views  of  Banasa 
and  Metapodius]. 

Many  of  these  phenomena  may  be  clearly  seen  under  the  oil  im- 
mersion objective  in  the  living  cells,  or  at  least  in  cells  of  the  testis 
teased  apart  without  other  treatment  in  a  normal  fluid  in  which  the 
spermatozoa  continue  to  swim  actively.  In  Anasa  especially  may  be 
clearly  seen  (1)  the  number,  grouping,  and  size-relations  of  the  chro- 
mosomes in  both  maturation-divisions ;  (2)  all  stages  of  the  passage 
to  one  pole  in  the  second  division  of  the  undivided  odd  chromosome 
and  the  constriction  of  the  cytoplasm  behind  it  (demonstrating  its 
failure  to  divide  at  any  period).  In  the  early  growth-period  the  con- 
traction figure  of  the  synaptic-period  (synizesis)  is  clearly  visible, 
proving  that  it  is  not  an  artifact.  In  the  early  prophases  the  charac- 
teristic double  crosses  and  other  prophase  figures  are  clearly  visible 
in  the  fresh  cells  of  Alydus;  and  in  earlier  stages  of  the  same  form 
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both  the  odd  chromosome  (chromosome-nucleolus)  and  the  plasmo- 
some  may  be  seen,  at  first  in  juxtaposition,  later  separate.  The 
spindle-fibres  are  clearly  visible  as  very  definite  tracts.  In  the  sperma- 
togonia of  Anasa  the  centrosome  is  visible  as  a  minute  granule  at  the 
tip  of  the  spindle,  surrounded  by  a  minute  aster.  A  single  fibre  ex- 
tends from  its  neighborhood  to  each  chromosome.  The  spindle- 
fibres  often  appear  as  if  composed  of  rows  of  small  granules.  In  the 
telophases  of  the  second  division  the  mid-body  is  visible  as  a  series 
of  refringent  granules  across  the  equator  of  the  spindle.  All  the 
structures,  as  seen  in  the  fresh  cells,  agree  very  closely  with  the  pic- 
tures given  by  the  best  sections  (strong  Fleming's  fluid,  Bouin's  fluid), 
and  prove  that  the  form,  grouping,  and  size-relations  of  the  chro- 
mosomes are  not  materially  altered  by  the  technique  of  fixation  and 
sectioning. 

Comparison  and  analysis  of  the  facts  leave  no  doubt  that  constant 
differences  of  behavior,  as  well  as  of  size,  exist  among  the  individual 
chromosomes  of  the  group.  They  lend  strong  support  to  the  view 
that  the  chromosomes,  individually  considered,  are  genetically  identi- 
cal in  successive  cell-generations.  To  this  extent  they  support  the 
general  theory  of  the  "individuality"  of  the  chromosomes,  though 
this  name  is  probably  less  appropriate  than  the  term  "genetic  iden- 
tity" or  "genetic  continuity." 
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THE   CHROMOSOMES  OP  AN  ASA    TRISTIS  AND 
ANAX  JUNIUS 

GEORGE  LEFEVRE  AND  CAROLINE  McGILL 

Anasa  tristis.  —  The  material  for  the  study  of  the  chromosomes 
in  the  spermatogenesis  of  Anasa  tristis  was  obtained  at  Columbia, 
Mo.,  and  was  examined  by  means  of  sections.  A  careful  investiga- 
tion has  completely  confirmed  Wilson's  results  respecting  the  number 
of  spermatogonial  chromosomes  in  this  insect  and  the  presence  of 
an  accessory  or  heterotropic  chromosome,  as  well  as  the  asymmetrical 
distribution  of  this  chromosome  at  the  second  maturation  division. 
The  observations  here  presented  are,  on  the  other  hand,  at  absolute 
variance  in  all  important  points  with  the  recently  published  inves- 
tigation of  Miss  Foot  and  Miss  Strobell  ^  who  have  studied  and  photo- 
graphed smear-preparations  of  the  testis  of  Anasa  tristis. 

Whenever  an  accurate  count  of  the  spermatogonial  chromosomes 
can  be  made  at  full  metaphase,  the  number  has  been  found  to  be  21, 
as  discovered  by  Wilson,  and  not  22,  as  originally  determined  by 
Paulmier  and  recently  confirmed  by  Foot  and  Strobell.  No  excep- 
tion to  this  result  has  been  encountered,  although  the  count  has  been 
made  with  certainty  in  scores  of  cells,  and  not  a  single  case  showing 
22  chromosomes  has  ever  been  observed.  Many  of  the  spermato- 
gonia! groups  have  been  drawn  under  high  power,  and  in  every  instance 
both  the  number  and  form  of  the  chromosomes  are  seen  with  dia- 
grammatic distinctness,  conforming  in  all  respects  with  the  groups 
as  figured  by  Wilson. 

Our  sections,  furthermore,  lend  strong  support  to  Wilson's  view 
that  the  nucleus-like  body  of  the  growtib  period  is  the  persistent 
odd  chromosome  of  the  spermatogonia,  and  not  merely  a  chromatin 
nucleolus,  as  maintained  by  Foot  and  Strobell.  They  also  furnish 
the  most  indisputable  evidence  of  the  asymmetrical  distribution 
of  the  heterotropic  chromosome  at  the  second  division.  There  is  not 
the  faintest  indication  that  it  is  merely  a  "lagging  chromosome" 
which  divides  at  a  late  period  of  the  anaphase,  as  is  believed  to  be 
the  case  by  the  latter  observers,  but,  on  the  contrary,  every  stage  in 
its  passage  without  division  to  one  pole  of  the  spindle  can  be  followed. 
If  any  doubt  as  to  this  fact  should  remain  from  an  examination  of 
side  views,  it  is  at  once  removed  by  seeing  sections  of  the  daughter 

*  Amer,  Joum.  of  Anatomy^  7,  No.  2,  1907. 
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plates  of  the  same  spindle  which  show  ten  chromosomes  in  one  and 
eleven  in  the  other,  as  figured  by  Wibon. 

The  evidence  presented  by  a  study  of  the  chromosomes  of  Anasa 
tristisy  obtained  in  a  locality  widely  separated  from  the  places  where 
other  observers  who  have  examined  this  form  have  secured  their 
material,  would  seem  to  indicate  that  Wilson's  description,  espe- 
cially with  regard  to  the  behavior  of  the  heterotropic  chromosome, 
holds  good  throughout  the  species. 

In  view  of  the  important  bearing  which  these  facts  have  upon 
the  chromosome-theory  of  sex-determination,  it  has  seemed  ad\TS- 
able  to  add  a  confirmatory  note  to  the  already  clear  and  convincing 
observ^ations  of  Wilson  on  this  and  other  hemipterans. 

Anax  Junius.  —  The  spermatogenesis  of  this  dragon-fly  was 
first  described  in  1904  by  Miss  McGill,^  who  found  a  close  similarity 
to  Paulmier's  account  of  Anasa  tristis.  Like  him,  she  described 
an  even  number  of  spermatogonial  chromosomes,  in  this  case  28, 
and  followed  him  in  identifying  the  accessory  chromosome  of  the 
maturation  divisions  with  the  two  small  chromosomes  of  the  sperma- 
togonia which  were  supposed  to  have  united  to  form  a  bivalent  at 
synapsis.  The  accessory  chromosome  was  correcdy  observed  to 
divide  at  the  first  maturation  mitosis  and  to  pass  undivided  to  one 
pole  at  the  second,  as  Paulmier  had  described  for  the  squash-bug. 

A  recent  study,  however,  of  the  testis  of  Anax  has  brought  to 
light  the  fact  that  the  same  error  was  made  as  in  the  case  of  Anasa, 
sine?  it  has  been  determined  beyond  any  doubt  that  the  number  of 
spermatogonial  chromosomes  is  27  and  not  28.  It  is,  furthermore, 
clear  that  the  small  or  m-chromosomes  of  the  spermatogonium 
divide  at  both  maturation  mitoses,  and  hence  cannot  be  identified 
with  the  accessory  which  is  one  of  the  larger  chromosomes,  though 
not  the  largest  of  the  spermatogonial  group.  Miss  McGill  was  also 
unable  to  find  evidence  in  the  material  which  she  examined  of  a 
condensed  chromosome-like  body  persisting  throughout  the  growth- 
period,  but  in  our  more  recent  study  this  has  been  clearly  demon- 
strated at  every  stage  of  the  resting  spermatocyte  until  it  passes  on 
the  spindle  of  the  first  maturation  mitosis.  Judging  from  its  size- 
relations  and  other  considerations,  it  is  unquestionably  the  odd  or 
heterotropic  chromosome. 

Our  reexamination  of  Anax,  therefore,  brings  this  dragon-fly  into 
complete  accord  with  those  insects,  like  Anasa  and  Protenor,  in  which 
an  odd  number  of  chromosomes  is  found  in  the  spermatogonia  and 
an  asymmetrical  distribution  of  the  heterotropic  chromosome  takes 
place  at  one  of  the  maturation  divisions,  resulting  in  a  dimorphism  of 
the  spermatids.  These  observations  consequently  lend  additional 
support  to  Wilson's  interpretation  of  the  relation  of  the  chromosomes 
to  sex-production. 

^  Univ.  of  Missouri  Studies,  2,  No.  4,  1904. 
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The  Spermatogonial  Group  of  Chromosomes.  —  As  already 
stated,  the  number  of  chromosomes  is  27.  This  has  been  determined 
with  perfect  clearness  in  a  very  large  number  of  cases  and  without . 
exception  has  been  found  to  hold  true.  Whenever  the  equatorial 
plate  is  cut  transversely  at  full  metaphase,  the  chromosomes  are 
seen  lying  well  apart  and  sharply  defined,  while  the  counting  of  their 
number  is  a  matter  of  the  greatest  ease.  In  properly  stained  sections 
an  unlimited  number  of  cells  have  been  found  which  show  27  dis- 
tinct chromosomes,  never  more. 

The  size  differences  in  the  chromosomes  are  well  marked,  although 
not  so  strikingly  as  in  many  of  the  hemiptera.  Between  the  nv- 
chromosomes,  which  are  the  smallest  pair,  and  the  largest  pair  or 
macro-chromosomes,  which  are  usually  quite  perceptibly  larger 
than  any  of  the  others,  the  remaining  chromosomes,  except  the  odd 
one,  may  be  arranged  in  pairs  of  intermediate  sizes. 

After  pairing  off  all  the  others,  one  will  be  left  without  a  mate, 
and  this  will  be  found  among  those  of  the  second  largest  size. 

The  Female  Somatic  Chromosomes.  —  An  attempt  has  been 
made  to  determine  the  number  of  chromosomes  in  the  female  germ- 
cells,  and  sections  of  the  ovaries  of  the  nymph  have  been  carefully 
examined.  Although  no  oogonial  divisions  have  been  encountered, 
possibly  because  we  have  not  been  able  to  obtain  ovaries  from  young 
enough  nymphs,  nevertheless  mitosis  occurs  abundantly  among  the 
follicle  cells  and  a  detailed  search  has  disclosed  several  cases  where 
the  sections  were  favorable  for  counting  the  chromosomes.  The 
number  of  chromosomes  in  the  follicle  cells  has  been  determined  in 
several  instances,  and  wherever  an  accurate  count  has  been  possible, 
it  has  been  found  to  be  28. 

The  Growth  Period.  —  The  growth  period  has  not  been  fol- 
lowed throughout  in  all  the  detail  that  is  desirable,  and  the  important 
question  of  the  character  of  the  synapsis  must  for  the  present  be  left 
undecided.  Preceding  the  contraction-phase  a  stage  is  found  where 
the  chromatin  appears  in  the  form  of  fine  threads  scattered  through- 
out the  nucleus  or  more  or  less  massed  in  loose  tangles.  Some  of 
lliese  strands  are  V-  or  Y-shaped,  or  are  seen  lying  in  separate  pairs 
or  as  irregular  crosses.  The  appearance  might  readily  be  interpreted 
as  the  result  of  a  longitudinal  conjugation  of  univalent  chromosomes 
which  are  now  opening  out  to  form  elongated  loops  or  ribbons,  but 
at  present  the  evidence  is  insufficient  for  a  definite  conclusion. 

The  odd  chromosome,  as  a  dense  nucleolus-like  body,  is  quite 
conspicuous  at  this  stage,  staining  deeply  in  both  haematoxylin  and 
safranin,  and  is  frequently  found  to  be  constricted  into  a  dumb-bell 
shape. 

This  stage  is  followed  by  the  contraction-phase,  in  which,  how- 
ever, the  chromatin  never  becomes  condensed  into  a  compact  mass. 
Tlie  threads  now  appear  much  thicker  and  longer  than  at  an  earlier 
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period  and  are  usually  arranged  In  long,  loose  loops  the  ends  of  which 
are  more  or  less  directed  toward  one  pole  of  the  nucleus,  constituting 
the  so-called  "bouquet-stage."  Curiously  enough,  the  longest  and 
thickest  ribbon,  which  is  the  one  that  will  give  rise  to  the  largest 
tetrad  later  on,  frequently  lies  outside  the  "bouquet"  and  is  seen 
stretching  half  way  around  the  nucleus  close  against  the  membrane. 
This  elongated  chromosome  is  often  seen  interrupted  at  its  middle 
point,  as  are,  in  fact,  some  of  the  looped  threads,  which  consequently 
exhibit  a  bivalent  nature.  The  break,  moreover,  is  found  to  persist 
from  now  on  to  the  time  when  the  final  condensation  of  the  chromo- 
somes takes  place  in  the  formation-  of  the  crosses. 

During  the  bouquet-stage,  the  chromosome-nucleolus,  which  we 
may  speak  of  as  the  heterotropic  chromosome,  as  it  directly  passes 
into  this  body  without  ever  assuming  a  thread-like  form,  is  always 
present  and  is  frequently  constricted  in  the  middle  or  even  com- 
pletely divided  into  halves. 

It  is  not  until  after  the  bouquet-stage  is  passed  and  the  chromo- 
somes, in  the  form  of  bivalent  threads  of  varying  length,  have  scat- 
tered through  the  nucleus,  that  the  longitudinal  split  becomes  visible, 
while  the  interruption  at  the  middle  of  each  thread  becomes  very 
conspicuous. 

Late  in  the  growth  period  and  preparatory  to  the  first  maturation 
division,  the  longitudinally  split  threads  showing  their  quadripartite 
character  begin  tihe  process  of  condensation.  The  longitudinal  halves 
fuse  completely  and  become  much  shorter  and  thicker,  although  the 
transverse  interruption  is  still  present  as  a  clearly  marked  constric- 
tion at  the  middle  point  of  the  chromosomes. 

The  thick  bivalent  rods  next  undergo  a  still  further  condensation 
and  are  converted  into  .crosses  by  outgrowth  of  transverse  arms  at 
the  end  of  the  constriction.  These  arms,  however,  do  not  extend  so 
far  as  to  confuse  the  original  lon^tudinal  axis,  a  condition  which  is 
especially  conspicuous  in  the  largest  cross  where  the  transverse  and 
longitudinal  arms  remain  quite  unequal,  although  it  is  more  or  less 
pronounced  in  all.  As  this  inequality  in  the  length  of  the  arms  b 
retained  until  the  crosses  are  taken  up  on  the  spindles,  an  identifica- 
tion of  the  long  axis  of  the  cross  with  that  of  the  threads  of  the  growth 
period  is  made  certain,  and,  furthermore,  it  is  evident  that  the  crosses 
are  placed  lengthwise  upon  the  spindle. 

The  number  of  chromosomes  is  now  easily  observed,  fourteen  in 
all,  thirteen  of  which  are  in  the  form  of  crosses,  while  one,  the  hetero- 
tropic, is  a  simple,  condensed,  bipartite  body.  As  the  crosses  condense, 
their  centers,  just  before  the  disappearance  of  the  nuclear  membrane, 
become  lighter  and  soon  take  the  stain  only  faintly,  while  by  the  time 
the  spindle  is  visible  they  have  become  completely  hollowed  out. 

The  First  Maturation  Division.  —  After  being  taken  up  on 
the  spindle  the  open  tetrads  rapidly  undergo  a  condensation,  and 
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all  traces  of  the  space  between  the  arms  disappear.  Later  a  separation 
of  the  elements  of  the  tetrads  begins.  The  breaking  apart  of  the 
component  parts  of  the  tetrad  pro^eds  rapidly  with  commencement 
of  the  anaphase,  until  all  four  elements  are  entirely  distinct  from 
each  other  as  the  opposite  pairs  advance  toward  the  poles  of  the 
spindle. 

The  divergence  of  the  chromosomes  occurs  at  unequal  rates, 
those  on  the  periphery  lagging  behind,  those  in  the  center  taking  the 
lead,  while  the  heterotropic  lags  most  of  all  and  in  late  anaphases, 
when  the  others  are  grouped  about  the  poles  in  a  dome-shaped  mass, 
the  halves  of  the  heterotropic  may  usually  be  seen  some  distance 
behind  in  the  process. 

As  the  chromosomes  reach  the  poles,  they  become  closely  crowded 
together  and  partially  break  up  into  a  reticulum,  although  to  a  cer- 
tain extent  their  identity  is  still  retained  in  the  nodes  of  tibe  network. 
The  centrosomes  fade  out  and  a  new  nuclear  membrane  forms,  but 
only  to  disappear  shortly  afterwards  in  preparation  for  the  second 
division.  In  fact,  there  are  indications  that  in  some  cases  at  all 
events  this  intervening  resting  stage  between  the  two  divisions  is 
practically  omitted. 

The  Second  Maturation  Division.  —  As  soon  as  the  nuclear 
membrane  fades  away  the  chromosomes  reappear  as  dumb-bell  shaped 
bodies,  and  as  the  new  spindle  forms  they  take  up  their  position  in 
the  equatorial  plate  with  the  constriction  at  right  angles  to  the  long 
axis  of  the  spindle.  There  are  thirteen  of  these  dyads  and  one  single 
chromosome,  the  heterotropic.  Even  before  the  other  chromosomes 
pass  definitely  into  the  equatorial  plate,  the  heterotropic  without 
undergoing  division  begins  to  move  in  advance  toward  one  of  the 
poles,  and  it  has  nearly  completed  its  journey  before  the  divergence 
of  the  other  chromosomes  is  commenced.  As  in  Anasa  tristis,  polar 
views  at  the  anaphase  of  this  division  clearly  demonstrate  the  dimorph- 
ism of  the  daughter  groups,  since  thirteen  single  chromosomes  appear 
in  one  and  fourteen  in  the  other,  the  former  being  the  one  that  lacks 
the  heteromorphic.  This  inequality  in  the  number  of  chromosomes 
composing  the  daughter  plates  has  been  determined  in  several  well 
marked  cases  when  the  groups  have  been  observed  in  polar  view  at 
different  focuses  on  one  and  the  same  spindle. 

Summary.  —  As  a  result  of  our  reinvestigation  of  the  spermato- 
genesis of  Anax  juniiis,  it  has  been  established  beyond  doubt  that 
this  dragon-fly,  in  the  behavior  of  the  chromosomes  of  the  male  germ- 
cells,  closely  parallels  the  conditions  which  have  been  observed  in 
some  of  the  hemiptera  and  other  higher  groups  of  insects.  In  the 
differentiation  of  its  chromosomes  as  micro-chromosomes,  macro- 
chromosomes,  and  chromosomes  of  intermediate  sizes ;  in  the  occur- 
rence of  an  odd  number  of  chromosomes  (27)  in  the  male  groups  and 
of  this  number  plus  one  (28)  in  the  female  groups ;  in  the  presence  of 
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an  accessory  or  heterotropic  chromosome  which  persists  as  a  con- 
densed body  throughout  the  growth  period  and  passes  undivided 
at  the  second  maturation  division  into  one  of  the  spermatids,  a  strict 
parallelism  may  be  recognized  between  Anax  and  those  other  insects, 
of  which  Anasa  tristie  may  be  taken  as  a  type,  which  possess  a  hetero- 
tropic chromosome.  In  at  least  one  of  the  Odonata,  therefore,  a 
dimorphism  of  the  spermatozoa  occurs,  and  the  theory  of  the  deter- 
mination of  sex  by  diflFerentiated  sex-chromosomes  receives  additional 
support  from  this  group  of  insects. 
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COLEOPTERA 

N.   M.  STEVENS 

The  heterochromosomes  of  the  Coleoptera  are  somewhat  less 
peculiar  and  varied  in  their  behavior  than  those  of  the  Hemiptera 
heteroptera.  The  species  which  have  been  studied,  53  in  number, 
may  be  divided  into  two  general  classes,  —  those  with  an  unequal 
pair  of  heterochromosomes  in  the  male  germ  cells  (42),  and  those 
with  an  odd  chromosome  (11),  seventy-eight  per  cent  of  the  former 
to  twenty-two  per  cent  of  the  latter. 

Tenebrio  molitor  was  the  first  species  in  which  the  heterochro- 
mosomes of  the  Coleoptera  were  studied.  This  is  exceptionally  fa- 
vorable material,  as  all  stages  in  the  development  of  the  insect  are 
easily  secured,  and  there  is  no  difficulty  in  jdetermining  the  number 
of  chromosomes  in  both  male  and  female  germ  cells  and  somatic 
cells.  Twenty  chromosomes  occur  in  somatic  cells  of  both  sexes: 
in  the  male  one  of  these  is  small,  while  its  homologue  in  the  female 
is  as  large  as  the  other  chromosomes.  The  number  and  character 
of  the  chromosomes  in  the  spermatogonia  and  oogonia  is  the  same 
as  that  in  the  somatic  cells  of  the  two  sexes  (Chart  I,  figs.  1  and  2).* 

In  the  growth  stages  of  the  spermatocytes  of  Tenebrio  the  hetero- 
chromosomes cannot  be  distinguished  from  the  other  chromosomes. 
In  this  respect  Tenebrio  is  exceptional.  As  a  rule  the  unequal  pair 
of  chromosomes  is  clearly  defined  in  the  spireme  stage,  as  seen  in 
Odontota  dorsalis.  In  the  first  spermatocyte  mitosis  the  unequal 
pair  is  conspicuous,  and  the  separation  of  its  elements  in  metakinesis 
is  easily  followed.  In  the  second  spermatocytes  all  of  the  chromosomes 
divide,  giving  two  equal  classes  of  spermatids.  It  is  perfectly  evident 
that  a  male  individual  with  twenty  chromosomes,  one  of  which  is 
much  smaller  than  the  others,  can  be  produced  in  only  one  way;  i.  e., 
by  the  union  of  a  spermatozoon  containing  the  small  heterochromo- 
some  with  an  egg  cell,  while  fertilization  by  a  spermatozoon  containing 
the  larger  heterochromosome  must  give  a  female  individual.  This 
evident  relation  between  the  distribution  of  the  heterochromosomes 
and  the  determination  of  sex  has  made  it  seem  worth  while  to  ex- 

*  This  i)aper  was  illustrated  with  charts  which  could  not  be  reproduced.  For 
fuller  description  and  figures,  see  Carnegie  Pvb.  36,  Parts  I  and  II ;  also  "  Further 
Studies  on  tne  Chromosomes  of  the  CJoleoptera, "  Joum.  Exp.  ZoOl.f  6,  No.  1,  Jan. 
1909 ;  and  "  Tlie  Chromosomes  in  Didbrotica  viUata,  DiaJbroixca  soror  and  Diabrotica 
je-Yunclata,"  ibid,  6,  No.  4,  June  1908. 
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amine  the  character  of  the  heterochromosomes  in  as  many  erf  the 
Coleoptera  as  possible. 

The  second  and  smaller  class  may  be  divided  into  two  divisions, 
and  these  subtypes  illustrated  by  Limoneus  griseus  and  Photinus 
pennsylvaniciLS, 

In  Limoneus  the  odd  chromosome  is  the  largest  of  17  in  the  sper- 
matogonium, is  conspicuous  in  the  growth  stage,  and  is  evidently 
univalent  in  the  metaphase  of  the  first  spermatocyte;  it  remains 
undivided  in  this  mitosis,  and  divides  in  the  second  spermatocyte 
division,  giving  two  classes  of  spermatids. 

In  Photinus  both  spermatogonium  and  oogonium  are  shown. 
Here  the  odd  chromosome  is  the  smallest  of  19  in  dbe  spermatogonimn, 
and  in  the  oogonium  there  are  two  of  corresponding  size.  In  the 
growth  stage  the  odd  chromosome  and  one  pair  of  chromosomes 
remain  condensed  and  distinct  from  the  spireme.  In  the  first  sperma- 
tocyte mitosis  the  odd  chromosome  divides  quantitatively  while 
the  bivalents  separate  into  their  univalent  elements.  Figure  20*  shows 
a  polar  view  of  the  chromosomes  in  metakinesis,  and  figure  21*  an 
anaphase.  The  position  of  the  odd  chromosome  in  the  second  division 
is  always  eccentric,  and  the  chromosomes  in  the  spermatid  when 
first  formed  may  often  be  counted,  proving  the  dimorphic  character 
of  the  spermatozoa.  The  relation  of  the  dimorphism  of  the  male 
germ  cells  to  sex  determination  is  as  evident  here  as  in  the  case  of 
Tenebrio.  Fertilization  by  a  spermatozoon  containing  the  odd 
heterochromosome  must  give  a  female,  and  fertilization  by  a  sper- 
matozoon lacking  this  heterochromosome  must  give  a  male  indi- 
vidual. The  second  variety  of  division  2  has  been  found  in  only  two 
species,  both  belonging  to  the  genus  Photinus. 

The  diabroticas  present  a  problem  quite  diflFerent  from  that  of 
the  odd  or  the  unequal  heterochromosomes.  In  Diabroiica  vittaia 
the  conditions  are  the  same  as  in  Limoneus.  In  DiabroHca  12- 
punctaia  and  DiabroHca  soror  about  fifty  per  cent  of  the  male  individ- 
uals in  random  collections  have  simply  an  odd  heterochromosome 
which  behaves  as  in  Limoneus.  The  remaining  fifty  per  cent  have, 
in  addition  to  the  odd  chromosome,  one,  two,  three  or  four  small 
chromosomes  which  behave  very  peculiarly,  and  apparently  bear 
no  relation  to  sex-difTerentiation.  Where  one  of  these  small  chro- 
mosomes is  present,  it  may  be  found  in  any  position  with  reference 
to  the  odd  chromosome,  the  equatorial  plate  or  the  poles  of  the 
spindle;  and  it  may  go  to  either  pole  undivided,  or  may  divide  in 
the  anaphase.  The  second  spermatocytes  may  therefore  be  of  six 
classes.  All  the  evidence  so  far  obtained  goes  to  show  that  these  small 
chromosomes  may  divide  in  either  maturation  division,  but  not  in 
both.    In  the  growth  stage  the  odd  chromosome  and  the  one  or  more 

*  See  note  on  previous  page. 
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small  chromosomes  are  usually  closely  associated,  but  the  small 
ones  are  occasionally  scattered  about  the  nucleus. 

Out  of  100  individuals  of  Diabrotica  soror  collected  at  random, 
48  had  the  odd  chromosome  only;  33,  one  small  one;  15,  two  small 
ones;  3,  three  small  ones;  and  1,  four  small  ones. 

In  the  material  from  November  and  December  collections  it 
was  thought  that  a  definite  difference  in  size  of  the  insects  could  be 
associated  with  the  presence  or  absence  of  the  small  chromosomes, 
and  the  most  probable  explanation  of  the  observed  conditions  seemed 
to  be  that  the  material  mcluded  two  distinct  species  and  hybrids; 
but  the  study  of  a  hundred  specimens  of  Diabrotica  soror  collected  at 
random  in  California  from  June  23  to  August  7,  1907,  has  thrown 
considerable  doubt  on  this  conclusion.  In  the  earlier  material  the 
elytra  of  the  two  sizes  measured  4^  mm.  and  5^  mm.  respectively. 
TTie  later  California  material  varies  from  3  mm.  to  5^  mm.;  the 
mode  for  each  of  the  three  classes  (48  containing  the  odd  chromo- 
some, 33  containing  one  small  chromosome,  and  15  containing  two 
small  chromosomes)  is  4^  mm. ;  the  average  for  the  first  class,  4.31 
mm.;  for  the  second,  4.46  mm.,  and  for  the  third,  4.36  mm. 

Unless  it  should  prove  that  these  diabroticas  are  much  more 
variable  in  midsummer  than  in  late  autumn,  some  other  explana- 
tion than  that  of  separate  species  must  be  sought.  There  is  great 
variation  in  size  and  fusion  of  spots,  but  this  cannot  be  connected 
in  any  definite  manner  with  the  difference  in  chromosome  conditions. 
It  is  possible  that  further  study  of  Diabrotica  12'punctata  this  fall 
niay  throw  some  light  on  the  problem. 
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N.  M.  STEVENS 

The  chromosomes  in  Drosophila  ampelophila  have  proved  to 
be  much  more  puzzling  than  those  of  any  other  forms  yet  studied 
by  the  author.  The  material,  though  easy  to  breed,  is  difficult  to . 
handle  when  it  comes  to  fixation  for  microscopical  examination.  In 
no  case  have  I  secured  really  good  fixation  of  the  chromosomes  in 
sections,  and  dividing  cells  are  so  scarce  that  much  time  has  been 
spent  in  going  over  useless  material.  Practically  all  of  my  results 
have  been  obtained  from  temporary  mounts  with  Schneider's  aceto- 
carmine.  The  chromosomes  are  small,  and  the  best  possible  illu- 
mination with  the  highest  power  Zeiss  lenses  is  necessary  for  their 
examination. 

Little  can  be  made  out  of  the  growth  stages,  either  in  sections  or 
aceto-carmine  preparations.  One  lot  of  material  fixed  in  Camoy's 
fluid  gave  such  figures  as  21,  Chart  II,*  when  stained  with  thionin. 
This  is  an  early  growth  stage,  showing  a  large  plasmosome  and 
several  apparently  entire  chromosomes,  not  united  to  form  a  spireme. 
In  later,  stages  the  chromosomes  do  form  a  spireme,  which  is  massed 
together  at  one  side  of  the  nucleus.  In  the  prophase  of  the  first  sper- 
matocyte  the  chromosomes  are  at  first  somewhat  diffuse  and  irregular 
in  form,  but  assume  their  characteristic  shape  and  density  before 
the  spindle  is  formed.  The  spindle  forms  within  the  nucleus,  and 
the  fibres  are  only  faintly  visible  in  particularly  favorable  prepara- 
tions. The  chromosomes  of  the  first  spermatocyte  are  shown  in  figure 
22,  Chart  II,*  three  bivalents  and  one  trivalent,*  arranged  in  one 
plane,  instead  of  two  as  originally  drawn.  The  elements  of  the  small 
pair  are  always  considerably  separated  even  in  a  prophase.  The  two 
other  bivalents  are  distinguishable  one  from  the  other  in  both  size 
and  form.  The  trivalent  is  composed  of  two  equal  V's  and  a  small 
elliptical  odd  chromosome,  attached  to  the  apex  of  one  of  the  Vs. 
Figures  23  and  24  *  show  the  metakinesis  of  these  chromosomes.  At 
a  little  later  stage  the  chromosomes  are  split  and  the  resulting  V's 
separates  ready  for  the  following  division,  giving  figures  similar  to 
those  for  the  second  spermatocytes.     The  spermatids  must,  as  in 

*  This  paper  was  illustrated  with  charts  which  could  not  be  reproduced.  The 
"trivalent  '  referred  to  above  was  later  proved  to  be  an  unequal  bivalent.  For 
full  description  and  figures  see  "A  Study  of  the  Germ  Cells  of  Certain  Diptera. 
with  Reference  to  the  Heterochromosomes  and  the  Phenomena  of  Synapsis," 
Journ,  Exp.  Zodl.,  Vol.  V,  No.  3,  March,  1908. 
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other  cases  where  an  odd  chromosome  is  present,  be  dimorphic,  dif- 
fering by  the  presence  or  absence  of  the  odd  chromosome. 

So  far  everything  seems  reasonably  clear,  but  when  one  comes  to 
study  the  spermatogonia  and  oogonia  one  does  not  find  the  expected 
number  of  chromosomes.  In  both  there  are  eight  chromosomes, — 
four  pairs.  The  longer  chromosomes  vary  somewhat  in  form  and  size 
in  different  cells.  The  spermatogonia  stain  deeply  and  are  diflS- 
cult  to  study,  but  I  do  not  think  the  odd  chromosome  could  have 
escaped  detection  if  isolated.  In  the  oogonia  there  is  absolutely  no 
chance  for  an  error  as  to  the  number  or  the  equality  of  the  pairs. 
The  cells  are  very  clear  and  the  chromosomes  sharply  differentiated.* 
In  several  of  the  spermatogonial  plates  one  pair  consists  of  elements 
of  unequal  length,  but  here  I  have  never  been  able  to  be  quite  sure 
that  this  difference  in  length  might  not  be  due  to  foreshortening. 
In  both  the  oogonia  and  the  follicle  cells  the  chromosomes  are  plainly 
paired  and  equal  in  metaphase,  and  in  prophase  the  elements  of  each 
pair  are  twisted  together.  Apparently  the  same  thing  is  true  in  the 
spermatogonial  prophases,  but  the  cells  are  so  dark  that  one  cannot 
be  sure  of  an  unequal  pair.  There  is  nothing  in  the  form  of  either 
spermatogonial  or  oogonial  chromosomes  to  indicate  that  they  are 
composite,  but  nevertheless  it  seems  probable  that  such  is  the  case. 
This  probability  is  supported  by  the  discovery  of  heterochromosomes 
in  two  other  flies,  Tetannocera  sparsa  and  Scatophaga  pallida,  where 
an  unequal  pair  is  found  in  the  male  and  a  corresponding  equal  pair 
in  the  female.  Figure  35*  shows  the  chromosomes  of  an  oogonium 
in  metaphase,  —  twelve  chromosomes  distinctly  paired.  The  unequal 
heterochromosome  pair  of  the  spermatogonium  is  shown  in  figure  36.* 
In  the  original  figure  from  which  figure  35  was  copied  each  one  of 
the  twelve  chromosomes  is  split  ready  for  metakinesis.  The  sper- 
matocytes contain  six  bivalents  and  the  unequal  pair  behaves  as  in 
the  Coleoptera.  The  pairing  of  the  chromosomes  in  oogonia,  sper- 
matogonia and  follicle  cells  of  these  flies  is  an  interesting  feature 
and  worthy  of  further  investigation. 

The  results  for  Drosophila  are  not  entirely  satisfactory,  but  I 
give  them  to  you  for  what  they  are  worth  with  the  intention  of  continu- 
ing the  research. 
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tJBER  DAS  ERSTE  AUFTRETEN  DER  BLUT- 
ELEMENTE  IM   HttHNEREMBRYO 

WERA  DANTSCHAKOFF 

Die  Frage  iiber  die  gegenseitigen  Verhaltnisse  der  Blutelemente 
warden  meistens  in  der  nonnalen  und  pathologischen  Histologie 
diskutiert.  Aber  das  Studium  der  complicierten  und  nur  schwierig 
festzustellenden  Verhaltnisse  der  verschiedenen  morphologisch  geson- 
derten  Typen  der  Blutzellen  im  erwachsenen  Organismus  ist  nur  wenig 
geeignet  die  wiehtigen  Fragen  der  embryonalen  Bluthistogenese  zu 
losen.  Hier  sind  die  Processe  der  allmahlichen  DifTerenzierung  der 
Zellen  in  verschiedenen  Organen  zwar  noch  vorhanden,  aber  es  ist 
nicht  immer  leieht  sie  zu  konstatieren  und  genauer  zu  untersuehen. 

Was  speciell  die  pathologische  Anatomie  anbetrifft,  so  kommt  sie 
uns  gewiss  manchmal  auch  zu  Hilfe,  wenn  wir  normale  Tatsachen 
feststellen  woUen,  —  bei  vielen  pathologischen  Processen  werden 
namlich  die  embryologischen  Processe  gewissermassen  wiederholt 
Es  bt,  zum  Beispiel,  in  dieser  Hinsicht  eine  ganze  Reihe  von  Erkrank- 
ungen  der  hamatopoetischen  Organe  zu  nennen,  die  auch  in  der 
letzten  Zeit  Gegenstand  zahlreicher  Untersuchungen  waren.  Aber 
die  eigentiimlichen  pathologischen  Bedingungen  sind  anderseits  gewiss 
auch  im  Stande  einen  abnormen  Einfluss  auf  die  Tatigkeit  der  blut- 
bildenden  Organe  auszuuben  und  man  kann  deswegen  die  Resultate, 
die  man  bei  solchen  Arbeiten  bekommt,  nicht  ohne  weiteres  auf 
normale  Verhaltnisse  Ubertragen.  Deshalb  scheint  mir  der  Mangel 
eingehender  embryologischer  Untersuchungen  in  der  Frage  der  ersten 
Bluthistogenese  eine  nicht  unerhebliche  Liicke  zu  bilden. 

Die  zahlreichen  Arbeiten  iiber  das  Blut,  die  im  letzten  Jahrzehnt 
erschienen  sind  und  die  sich  hauptsachlich  mit  der  Tatigkeit  der 
hamotopoetischen  Organe  unter  nonnalen  und  pathologischen  Ver- 
haltnissen  befassten,  brachten  verschiedene  Autoren  zu  verschiedenen 
Anschauungen  iiber  die  genetischen  Beziehungen  der  Blutzellen  zu 
einander. 

Manche  sind  der  Ansicht,  dass  die  roten  und  weissen  Blutkorper- 
chen  zwei  in  morphologischer,  genetischer  und  physiologischer  Be- 
ziehung  vollig  gesonderte  Zelltypen  vorstellen. 

Andere  halten  diese  zwei  im  erwachsenen  Organismus  so  ver- 
schiedene Zellarten  fiir  verwandt,  diese  Verwandschaft  wird  aber 
wieder  von  verschiedenen  Autoren  verschieden  aufgefasst. 

Die  einen  glauben,  dass  alle  Blutelemente  im  Embryo  eine  ge- 
meinsame  Stammzelle  haben,  die  sich  bei  ihrer  Entwicklung  in  zwei 
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verschiedenen  Richtungen  differenziert  und  deren  Abkommlinge  dann 
weiter  nicht  mehr  die  Eigenschaft  besitzen,  in  einander  iiberzugehen. 

Die  anderen  woUen  die  Verwandschaft  der  hamoglobinhaltigen 
und  der  hamoglohinlosen  Zellen  in  dem  Uebergang  der  letzteren  in 
die  ersten  erblicken ;  die  Vorstellung  von  dem  Uebergehen  der  roten 
Blutkorperchen  in  die  weissen,  die  frUher  einmal  auch  ihre  Verteidiger 
hatte,  ist  jetzt  aufgegeben. 

Endlich  neben  viele  Autoren,  die  ein  genetisehes  Verhaltniss 
zwischen  den  beiden  Zellarten  zugeben,  auch  im  erwachsenen  Or- 
ganismus  die  Anwesenheit  einer  gemeinsamen  Stammzelle  an,  die 
die  Fahi^eit  besitzen  soil,  sich  in  beiden  Richtungen  zu  entwickeln. 

So  verschiedene  Anschauungen  in  derselben  Frage  beweisen  deut- 
lich  genug,  wie  schwierig  sie  durch  Untersuchungen  am  erwachsenen 
Organismus  allein  aufgeklart  werden  kann.  Wenn  sich  nun  einige 
Autoren  mit  den  embryologischen  Prozessen  beschaftigt  haben,  so 
handelte  es  sich  bei  ihren  Untersuchungen  meistenteils  doch  nur  um 
spatere  Entwicklungsstadien,  wenn  die  gleichzeitige  Anwesenheit  ver- 
schiedener  z.  B.  schon  hoch  differenzierter  Blutelemente  das  genaue 
Erkentniss  der  genetischen  Beziehungen  derselben  im  hohen  Grade 
erschwert. 

Da  sich  die  ersten  Blutelemente  primar  ausserhalb  des  Organis- 
mus bilden  und  die  ersten  Blutzellen  ihm  aus  dem  Dottersack  zuge- 
schwemmt  werden,  so  muss  man  natUrlich  vor  allem  die  allerersten 
Stadien  der  Blutbildung  im  Dottersack  untersuchen.  Einzelne 
Autoren  haben  sich  mit  dieser  Frage  auch  schon  befasst.  Der  Dotter- 
sack mit  der  Area  vasculosa  wurde  mehrmals  untersucht;  dabei 
wurde  aber  vor  allem  nicht  seine  Struktur  als  hamatopoetisches 
Organ  beriicksichtigt,  sondern  die  Beziehungen  des  Blutes  und  der 
Gefasse  zu  dem  Keimblattern.  Wenn  man  zur  Untersuchung  der 
genetischen  Beziehungen  der  Blutelemente  uberging,  so  wandten  sich 
die  Autoren  gewohnlich  zum  Studium  des  zirkulierenden  Blutes  in 
mehr  oder  weniger  friihen  Stadien  der  Entwicklung  des  Embryo. 
Es  ist  aber  klar,  dass  die  Blutelemente,  die  man  im  Embryo  selbst 
in  den  Gefassen  findet,  mit  den  primitiven  Blutzellen  durchaus  nicht 
identisch  zu  sein  brauchen,  sie  konnen  sehr  wohl  schon  reifere  mit 
dem  Blutstrom  eingeschwemmte  Elemente  vorstellen,  wahrend  die 
primitiven  Formen  an  der  Stelle  der  ersten  Entstehung  festgehalten 
werden ;  desshalb  darf  man  die  Schliisse,  die  man  bei  Untersuchung 
des  zirkulierenden  Blutes  gewonnen  hat,  nicht  ohne  Weiteres  auf  die 
Elemente  der  hamatopoetischen  Organe  iibertragen. 

Um  die  genannten  Liicken  auszufiillen,  fing  ich  meine  Unter- 
suchungen mit  dem  Studium  der  allerersten  Stadien  der  Blutentwick- 
lung  beim  Hiinchen  an. 

Ich  habe  besondere  Aufmerksamkeit  der  ersten  Entwicklung 
der  Blutelemente  in  der  Area  vasculosa  gewidmet  und  habe  dieselbe 
an  Flachenpraparaten  der  ganzen  Keimscheibe,  so  wie  an  Schnitten 
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untersucht;  nur  die  bestandige  Vergleichung  beider  Arten  von 
Praparaten  kann  zu  einer  richtigen  Vorstellung  iiber  die  gegenseitigen 
Verhaltnisse  der  Blutelemente  fiihren,  besonders  im  Sinne  ihrer  topo- 
graphischen  Beziehungen  zu  einander,  zu  den  Grefassen  und  zu  den 
Keimblattern. 

Ich  fixierte  meine  Objekte  mit  Zenker-Formol,  Alkohol  und 
Zenker;  gefarbt  wurde  nach  Dominici  (hauptsachlieh  die  Fiachen- 
praparate  des  Dottersacks),  Eosin-  Azur  und  Giemsa.  Ich.zog  das 
Celloidin  als  Einbettungsmasse  vor,  da  mir  die  Methode  Rubaschkin's 
die  Moglichkeit  gab,  mehrere  vollstandige  Celloidinserien  zu  bereiten. 

A.  Das  erste  Auftreten  der  Blutelemente  in  der  Area 
vasculosa  beim  Hlihnerembryo. — Das  erste  Stadium,  welches  mir 
einige  interessante  Beobaehtungen  lieferte,  war  das  der  30-stUndigen 
Bebriitung,  —  der  Embryo  besass  7  Segmente.  Zu  dieser  Zeit  ist  der 
ganze  hintere  Teil  der  Area  vasculosa  mit  Blutinseln  bedeckt,  die  bald 
netzartig  rait  einander  verbunden  sind,  bald  mehr  isoliert  b'egen.  In 
den  seitlichen  Teilen  der  Area  vasculosa  sind  die  Blutinseln  weniger 
zahlreich,  im  vorderen  Teile  nur  selten  zu  beobachten.  Die  Mesoblatt- 
zellen  sind  vorne,  wo  es  keine  Blutinseln  giebt,  weniger  zahlreich  und 
bilden  hier  seit  ihrem  ersten  Auftreten  nicht  eine  ununterbrochene 
Schicht,  sondem  erscheinen  als  netzformig  verbundene  Zellstrange. 
Frei  liegende  Zellen  bekommt  man  hier  als  Regel  nicht  zu  sehen. 

Die  Blutinseln,  die  in  den  Gefassen  der  hinteren  Partie  der  Area 
vasculosa  liegen,  sind  im  Stadium  der  45-stundigen  Bebriitung  (10 
Segmente)  noch  isoliert  und  scharf  umgrenzt.  Einige  von  ihnen 
in  der  hinteren  ausseren  Partie  der  Area  opaca  fangen  aber  schon  an 
sich  in  einzelne  Zellen  aufzulosen.  Sehr  interessant  ist  der  Umstand, 
dass  einzelne  kleine  und  grossere  Blutinseln  deutlich  zwischen  den 
Gefassen  im  Mesenchym  liegen.  Sehr  vereinzelt  aber  doch  sicher 
festzustellen  sind  hier  ferner  in  diesem  Stadium  einzelne  runde  2^11en 
mit  zahlreichen  abrundeten  Protoplasmafortsatzen.  Sie  liegen  mei- 
stens  den  Gefasswanden  von  aussen  dicht  an. 

Einen  naheren  Aufschluss  iiber  die  weiteren  Schicksale  der 
zwischen  den  (Jefassen  liegenden  Blutinseln  liefert  uns  die  Keim- 
scheibe  eines  68  stiindigen  Embryo  mit  16  Segmenten.  Hier  haben 
sich  die  Zellen  der  Blutinseln  gelockert,  ihre  Zellen  liegen  fast  iiberall 
in  den  Gefassen  zerstreut  und  fangen  an  sich  qualitativ  zu  verandern, 
—  sie  differenzieren  sich. 

Hochst  interessant  ist  ferner  auch  die  hintere  Partie  der  Area 
vasculosa,  wo  wir  im  vorigem  Stadium  die  Blutinseln  im  Grewebe 
zwischen  den  Gfefassen  sahen.  Hier  finden  wir  jetzt  massenhaft 
wandernde  Zellen  zwischen  den  (Jefassen  und  an  denselben  liegend. 
Es  sind  kleine  Elemente  mit  zahlreichen  amoboiden  Fortsatzen  und 
sehr  basophilem  Protoplasma,  der  runde  Kern  ist  hell,  besitzt  keine 
Einkerbungen,  liegt  etwas  excentrisch  und  enthalt  deutliche  Nukle- 
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olen.  Die  innerhalb  der  Gefasse  liegenden  Zellen  haben  im  allge- 
meinen  dieselben  Eigenschaften,  wie  die  eben  besehriebenen,einige  von 
ihnen  fangen  aber  an,  ihre  Gestalt  zu  verandern  und  werden  langlich. 

Die  Flachenpraparate  des  Dottersacks  zeigen  sehr  deutlich  die 
Verhaltnisse  der  vereinzelt  zerstreuten  2^11en  und  der  2fellgnippen  zu 
den  Gefassen.  Die  ausserst  scharf  umschriebenen  Grenzen  der 
letzteren  erlauben  es  mit  Sicherheit  festzustellen  dass  die  oben  be- 
schriebenen  wandernden  Elemente  tatsUchlieh  ausserhalb  der  Gefasse 
liegen.  Natiirlich  konnen  wir  an  Flachenpraparaten  andererseits  die 
topographischen  Beziehungen  dieser  Zellen  zu  den  Keimblattern  nicht 
genau  feststellen.  In  diesem  Falle  konnen  uns  gewiss  nur  Keim- 
scheibensehnitte  eine  Antwort  geben.  Solche  Schnitte  zeigen  nun 
auch  tatsaehlich,  dass  diese  Blutinseln  so  wie  die  spater  vereinzelt 
zerstreuten  Zellen  im  Mesoblast  liegen,  zum  Teil  zwischen  den  G^ 
fassen,  zum  Teil,  eng  an  ihre  Wand  von  aussen  angeschmiegt. 

Wenn  wir  jetzt  kurz  die  eriauterten  Tatsachen  zusammenfassen, 
so  konnen  wir  folgende  Sehlusse  ziehen.  Alle  Blutbestandteile 
stanmien  in  letzter  Instanz  von  einer  Zellart  den  Mesoblast-  resp.  den 
Mesenchymzellen.  Die  Mesoblastzellen  verhalten  sich  etwas  ver- 
schiedenartig  im  vorderen  und  hinteren  Teile  der  Area  vaseulosa. 
Vorne,  wo  die  Mesoblastzellen  weniger  zahlreieh  sind,  bilden  sie 
leere  Grefassraume  und  einzelne  selbststandige  runde  Wander- 
zellen  zwischen  den  letzteren.  In  den  seitlichen  und  hinteren 
Partieen  bildet  der  Mesoblast  dichte  Zellgruppen,  die  bald  grosser, 
bald  kleiner  sind ;  es  ist  sicher  dass  auch  vereinzelte  Zellen  zwischen 
den  Gruppen  liegen  bleiben.  Der  weitaus  grosste  Teil  dieser  Zell- 
gruppen—  der  Blutinseln  —  bildet  bald  an  der  Peripherie  eine  ein- 
schichtige  diinne  Endothelmembran  und  verwandelt  sich  in  netzformig 
verbundene  Grefasse  mit  zellreichem  Inhalt.  Es  bleiben  aber,  wie  wir 
gesehen  haben.  Hie  und  da  einzelne  Blutinseln  auch  zwischen  den  sich 
neu  gebildeten  GJefassen  im  freien  Grewebe  liegen;  ihre  Zellen  ver- 
halten sich  am  Anfange  ganz  identisch  mit  den  innerhalb  der  Gtefasse 
liegenden.  Die  in  den  Blutinseln  zusammengedrangten  Zellen  fangen 
dann  allmahlich  an  sich  zu  lockern  und  bald  finden  wir  innerhalb  und 
ausserhalb  der  Grefasse  iiberall  zerstreute  Zellen  die  alle  einander 
gleich  sind.  Wenn  wir  ihre  morphologischen  Charaktere  genauer 
betrachten,  so  miissen  wir  zugeben,  dass  sie  in  ihrem  Habitus  den 
sogenannten  Lymphocyten  entsprechen. 

Die  Zellen,  die  die  ersten  geformten  Elemente  des  Blutes  sind, 
verdienen  naturgemass  den  Namen  "primitive  Blutzellen."  So 
werden  sie  auch  von  einigen  Autoren  genannt.  Soweit  es  sich  um  die 
allerfruhesten  Stadien  handelt,  stimme  ich  dieser  Benennung  durch- 
aus  bei;  die  Zellen  aus  denen  die  compakten  Blutinseln  bestehen, 
verdienen  durchaus  diesen  Namen.  Wahrend  dieser  Periode  haben 
sie  gewisse  ziemlich  typische  Eigenschaf ten ;  sie  liegen  oft  so  dicht 
beisanmien,  dass  man  von  Syncytien  sprechen  konnte;  sie  sind  rund. 
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nicht  amoboid,  haben  einen  hellen  runden  Kern  und  einen  ziemlich 
engen  Protoplasmasaum. 

Sobald  sich  aber  die  Blutinseln  in  einzelne  Elemente  auflosen, 
bekommen  diese  Zellen  alle  das  typische  Aussehen  von  echten  Lym- 
phocyten  und  brauehen  nicht  mehr  primitive  Blutzellen  genannt  zu 
werden.  Dies  bezieht  sich  sowohl  auf  die  innerhalb,  ab  auf  die 
ausserhalb  der  Gefasse  befindlichen  Zellen  man  kann  in  dieser 
Beziehung  nur  geringe  Unterschiede  bemerken. 

Es  ist  allerdings  nicht  zu  leugnen,  dass  sich  die  aus  den  Blutin- 
seln herleitenden  Zellen  in  Bezug  auf  ihre  physiologische  Tatigkeit 
in  gewissem  Grade  von  den  spateren  Lymphocyten  verschieden 
verhalten,  indem  sie  abweichende  vielleicht  weniger  vollkommene 
Erythroblasten-  und  Erythrocytenformen  liefem,  als  die  spateren 
Lymphocyten;  es  ware  aber  meins  Erachtens  unzweckmassig  nur 
deswegen  zwei  verschieden  Zellarten  zu  unterscheiden. 

In  den  folgenden  Stadien,  wo  noch  keine  grossen  Grefasse,  sondem 
nur  noch  ein  gleichmassiges  Grefassnetz  vorhanden  ist,  wird  die 
Entwicklung  der  innerhalb  und  ausserhalb  liegenden  Zellen  eine 
verschiedene. 

Im  Inneren  der  (Jefasse  giebt  es  augenscheinlich  gewisse  eigen- 
tUmliche  Bedingungen,  die  der  Differenzierung  der  dort  befindlidien 
Zellen  einen  besonderen  Charakter  verleihen. 

Wenn  wir  die  Entwicklung  der  sich  ausserhalb  und  innerhalb  der 
Gefasse  befindenden  Zellen  vergleichen,  so  finden  wir  einen  wichtigen 
Unterschied.  Diese  zwei  Gruppen  von  Zellen,  die  einen  gemeinsamen 
Ursprung  haben,  sich  in  morphologischer  Beziehung  am  Anfang 
vollig  ^eich  verhalten  und  von  mir  mit  dem  Namen  von  "Lym- 
phocyten "  bezeichnet  wurden,  werden  also  von  den  ausseren 
Existenzbedingungen  in  der  Weise  beeinflusst,  dass  sie  entsprechende 
verschiedene  Entwicklungswege  einschlagen. 

Die  sich  ausserhalb  den  Gefassen  befindenden  Lymphocyten  ver- 
wandeln  sich  im  Dottersack  ausschliesslich  und  schon  in  sehr  friihen 
Stadien  Bebriitung  von  72-^80  Stundien  in  granulierte  Leukocyten, 
die  sich  dann  weiter  selbststandig  entwickeln. 

Die  innerhalb  der  Gefasse  Uegenden  2^11en  verhalten  sich  ganz 
anders.  Ein  Teil  von  ihnen  behalt  fiir  die  Zukunft  den  Lympho- 
cytenhabitus  bei  und  vermehrt  sich  ohne  Veranderung.  Weiter,  sogar 
in  den  spatesten  Stadien,  findet  man  in  dem  Capillarnetz  des  Dot- 
tersacks  sehr  viele  Lymphocyten,  besonders  in  dessen  periphei^ 
ishen  Teilen.  Ein  anderer  Teil  der  Lymphocyten  in  den  Gefassen 
verandert  sich  aber  derart,  dass  die  Zellen  unter  steter  Wucherung 
die  verschiedenen  Formen  der  Erythroblasten  und  Erythrocyten 
liefern. 

B.  Das  erste  Auftreten  der  Blutelemente  und  Wanderzellen 
im  Kbrper  des  HUhnerembryo.— Wie  bekannt  liegt  die  erste  Bil- 
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dungsstatte  des  Blutes  ausserhalb  des  Organismus  im  Dottersack; 
erst  in  den  spateren  Entwicklungsstadien,  wenn  die  Differenzierungs- 
processe  der  Gewebe  weiter  vorgeschritten  sind,  sehen  wir  auch  im 
Korper  selbst  specielle  Organe  auftreten,  die  sich  an  der  Blutbildung 
beteiligen  und  sie  spHter  ganz  iibemehmen. 

Das  erste  Blut  wild  dem  Organismus  von  den  Dottersackgefassen 
zugefuhrt  und  man  findet  es  dann  uberall  in  den  Grefassen  des  Organ- 
ismus die  von  Anfange  in  loco  in  Form  von  leeren  Rohren  gebildet 
wurden.  Es  besteht  hier  ungefahr  aus  denselben  Elementen,  wie 
im  Dottersacke  zu  derselben  Zeit.  Die  zu  dieser  Zeit  in  den  Gefassen 
des  Dottersacks  die  Differenzierung  der  Lymphocyten  zu  roten 
Blutkorperchen  in  vollem  Gauge  ist,  so  sehen  wir  dieselben  vei^ 
schiedenen  2^11arten  auch  in  den  (Jefassen  des  Korpers. 

Ein  kleiner  Unterschied  ist  aber  doch  zu  notieren.  Die  im  Dotter- 
sacke angebahnte  Erythrocytenentwicklung  schreitet  Uberall  im  zirku- 
lierenden  Blute  fort  und  da  hier  im  Korper  wenigstens  an  den  friiheren 
Stadien  nur  sehr  sparliche  Lymphocyten  neu  gebildet  werden,  die 
aus  dem  Dottersacke  eingeschwemmte  aber  fortwahrend  sich  in  rote 
Blutzellen  verwandeln,  so  sehen  wir  in  den  Gefassen  des  Organismus 
fast  hauptslichlich  Erythrocyten  circulieren. 

Die  ersten  zelligen  Bestandteile  des  zirkulierendes  Blutes  sowohl 
die  roten  ab  auch  die  weissen  stellen  also  nicht  im  Korper  selbst  ent- 
standene,  sondern  von  auswfirts  herbeigeschwemmte  Elemente  vor. 

Die  Prage,  wo  die  ersten  Blutbildungsstatten  im  Organismus 
zu  suchen  sind  und  wie  sich  ihre  physiologische  Tatigkeit  aussert, 
ist  nicht  schwer  zu  beantworten,  wenn  man  liickenlose  Serienpra- 
parate  verschiedener  dicht  aufeinander  folgenden  Stadien  genau 
durchmustert. 

Am  Ende  des  dritten  Tages  ist  das  Mesenchym  Uberall  noch 
vollig  indifiFerent:  es  besteht  aus  gleichformigen  Zellen  mit  eckigem 
Zellleibe  und  zahlreichen  Fortsatzen,  die  sich  mit  einander  und  den 
Fortsatzen  der  benachbarten  Zellen  verbinden.  Die  zu  dieser  Zeit 
bereits  unpaare  Aorta  lasst  fast  in  ihrer  ganzen  Lange  an  der 
ventralen  oeite  ihrer  Wand  einen  intensiven  Wucherungsprocess  er- 
kennen.  Ihre  Wand  besteht  zu  dieser  2feit  aus  zwei  deutlich  geson- 
derten  Schichten:  die  aussere  stellt  mehrere  Lagen  plattgedruckter 
Mesenchymzellen  vor,  die  innere  wird  von  stark  angeschwollenen 
Endothelzellen  gebildet,  die  einen  langlichen  Kern  und  einen  dicken 
Frotoplasmasaum  aufweisen.  Diese  Zellen  haufen  sich  besonders  an 
der  ventralen  Seite  der  Aortawand  an  und  springen  hier  in  Form  von 
dicken  synzytienahnlichen  Zellklumpen  in  das  Lumen  vor.  Das 
ganze  Aussehen  dieser  letzteren  erinnert  mitunter  sehr  an  die  Blut- 
uiseln  der  Area  opaca  in  frUhen  Stadien.  Hier  sind  die  Endothelzellen 
rundlich,  ihr  reichliches  Protoplasma  ist  stark  basophil,  der  Kern  ist 
rund,  hell,  scharf  konturiert  und  mit  deutlichen  Kernkorperchen 
v^rsehen.    Dass  diese  Elemente  intensiv  wuchern  bestatigen  die  zahl- 
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reichen  Karyokinesen.  Die  beschriebenen  Zellklumpen  zerfallen  in 
einzelne  2fellen  und  diese  werden  vom  Blute  weggespiilt;  sie  haben 
meistens  das  Aussehen  von  echten  Lymphocyten.  Sehr  wichtig  ist 
der  Umstand  dass  man  an  dieser  Stelle  die  Verwandlung  der  auf  die 
besehriebene  Weise  entstandenen  Lymphocyten  in  rote  Blutkdq)er- 
ehen  verfolgen  kann.  Unter  fortwfihrender  Wucherung  nimmt  ein 
Teil  der  jungen  2^11en  eine  langliche  Form  an,  wahrend  im  Proto- 
plasma  Hamoglobin  erscheint.  Andere  junge  Lymphocyten  schlagen 
aber  auch  eine  andere  Entwicklungsrichtung  ein;  sie  dringen  als 
wirkliche  lymphocytenahnliche  Wanderzellen  in  die  periphere  Schicht 
der  Aortenwand  ein  und  wandem  weiter  im  Gewebe. 

Die  ersten  mit  den  Lymphocyten  identischen  Blut-  und  Wander- 
zellen treten  also  im  Korper  als  vom  Endothel  der  Blutgefasse  stam- 
mende  Elemente  auf. 

Bald  greift  aber  die  Bildung  von  Wanderzellen  im  weitesten  Sinne 
des  Wortes  auch  auf  das  gesammte  Mesenchym  des  Korpers  iiber, 
wobei  sich  dieser  Process  allmahlich  in  etwas  modifizierter  Form  ab- 
spielt  und  zur  Entstehung  mannigfaltigeren  Formen  ftihrt.  Eigent- 
lich  kann  das  ganze  Mesenchym  zu  dieser  Zeit  in  gewissen  Sinne  ab 
blutbildendes  Organ  betrachtet  werden.  Ueberall  im  Korpermesen- 
chym,  besonders  an  der  ausseren  Oberflache  des  Korpers,  speciell  in 
der  Kopfgegend  sieht  man  in  grossen  Mengen  wanderende  zellige 
Elemente  auftreten.  Man  kann  ungefahr  den  folgenden  Entwick- 
lungsgang  feststellen. 

Aus  den  gewohnlichen  Mesenchymzellen  entstehen  durch  Ab- 
runden  und  Mobilwerden  Wanderzellen  mit  hellem  basophilem  fein 
vacuolisierten  Protoplasma  und  zackigem  amoboiden  Rand.  Mann 
konnte  sie  wohl  in  Anlehnung  an  jetzt  existierende  Begriffe  als 
eigentliche  histiogene  Wanderzellen  bezeichnen.  Diese  Bezeichnung 
ist  aber  jedenfalls  nicht  sehr  zutreffend,  da  ein  Teil  dieser  Elemente 
sicherlich  auch  aus  den  Lymphocyten  durch  einfache  Differenzierung 
entstehen  kann. 

Aus  den  Mesenchymzellen,  die  als  Endothel  die  Wand  der  Blut- 
gefasse bilden,  entstehen  an  vielen  Stellen,  auch  an  den  kleineren 
Gefassen,  sogar  an  den  Capillaren,  ebenfalls  wandernde  Elemente; 
hier  sehen  sie  aber  in  der  Regel  anders  aus,  —  hier  sind  es  wieder 
die  typischen  Lymphocyten,  wie  wir  sie  aus  dem  Aortenendothel 
haben  entstehen  sehen. 

Obwohl  also,  wie  wir  sehen,  aus  den  Mesenchymzellen  zwei  Arten 
wandernde  Elemente  entstehen,  ware  es  aber  doch  unangebracht  zu 
glauben,  dass  es  zwei  wirklich  streng  gesonderte  Zellarten  sind. 
Erstens,  konnen,  wie  gesagt,  die  Lymphocyten  sich  in  die  histiogene 
Wanderzellen  verwandeln,  anderseits  ist  aber  vorlaufig  nicht  auzu- 
schliessen,  dass  auch  der  umgekehrte  Entwicklungsprocess  mog- 
lich  ist. 

Auf  Grund  des  Erorterten  konnen  wir  also  eine  voUsttodige 
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Analogic  zwischen  der  ersten  Blutbildung  ausserhalb  und  innerhalb 
des  embryonalen  Korpers  annehmen.  Die  ersten  Blutzellen  treten 
hier  wie  dort  zuerst  als  Lymphocyten  auf ,  —  diese  miissen  also  ab 
die  Stammzellen  aller  Blutelemente  betrachtet  werden  und  erzeugen 
durch  Proliferation  und  DifTerenzierung  in  verschiedenen  Rich- 
tungen  die  mannigfaltigen  Fonnen  der  roten  und  weissen  Blut- 
korperchen,  die  wir  im  erwachsenen  Organismus  finden. 
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UEBER  DIE   ERSTE  ENTSTEHUNG   DER  BLUTZELLEN 
IM  SAUGETIEREMBRYO 

ALEXANDER  MAXIMOW 

Die  Frage  Uber  die  erste  Entstehung  der  Blutzellen,  besonders  der 
Leukozyten,  im  Embryo  der  Saugetiere  gehort  bekanntlich  zu  den 
am  wenigsten  bekannten  in  der  Histologie  und  Embryologie.  leh 
mochte  hier  heute  Einiges  dartiber  berichten,  nach  Untersuchungen, 
die  ich  im  Laufe  der  letzten  Jahre  an  verschiedenen  Sauge- 
tierembryonen  ausgefUhrt  babe  und  einige  entspreehende  Praparate 
demonstriren. 

Die  Blutinseln  im  Bereieh  der  Area  opaca  entstehen  bekanndich 
dadurch,  dass  die  polymorphen,  bewegUehen,  mit  Auslaufern  ver- 
sehenen  Mesoblastzellen  sich  gruppenweise  sammeln  und  dicht  an- 
einanderlagem.  Dann  tritt  Sonderung  der  peripheren  Zellen  von 
den  inneren  ein,  indem  sich  die  ersten  unter  Abplattung  in  die  En- 
dothelzellen  der  primaren  Gefasse,  die  zweiten  unter  Abrundung  m 
die  ersten  Blutkorperchen  verwandeln.  Diese  ersten  Blutkorperchen 
sollen  sich  nun  nach  den  iibereinstimmenden  Angaben  aller  Autoren 
sehr  bald  sammtlich  durch  Ausarbeitung  von  Hamoglobin  im  Proto- 
plasma  in  embryonale  gekcrnte  rote  Blutzellen  verwandeln,  die  dann 
im  Blute  wahrend  langer  Zeit  allein  zirkuliren.  Die  Leukozyten  sollen 
erst  viel  spater  entstehen  und  im  Gegensatz  zu  den  intravaskular  ent- 
standenen  Erythrozyten  ausserhalb  der  Grefasse,  im  embryonalen 
Bindegewebe;  erst  nachtraglich  sollen  sie  auf  diese  oder  jene  Weise 
in  die  Grefassbahn  gelangen.  Auf  Grund  meiner  Praparate  muss  ich 
mich  auf  einen  ganz  anderen  Standpunkt  stellen. 

In  sehr  friihen  Stadien  (Kaninchen  8-8f  Tage)  sind  alle  Zellen 
der  Blutinseln  einander  gleich.  Es  sind  kugelformige  Elemente  mit 
schmalem,  leicht  basophilem,  hamoglobinlosem  Protoplasma,  rundem 
hellem  Kern  mit  Nukleolus  und  blasser  runder  Sphare.  Sie  vermehren 
sich  durch  Mitose,  ausserdem  vergrossert  sich  aber  ihre  Zahl  aueh 
noch  dadurch,  dass  einzelne  von  den  Endothelzellen  unter  Schwellung 
und  Abrundung  frei  werden  und  in  das  Lumen  gelangen;  dieser 
letzterer  Vorgang  hort  aber  in  der  Area  opaca  bald  auf. 

Wenn  nun  diese  hamoglobinlosen  Zellen  wirklich,  wie  es  jetzt 
allgemein  angenommen  wird,  alle  ohne  Ausnahme  Hamoglobin  aus- 
arbeiten  wUrden,  so  ware  es  allerdings  berechtigt,  sie  als  Erythro- 
blasten  zu  bezeichnen;  dem  ist  aber  nicht  so. 
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Sehr  bald  bemerkt  man  nlimlich  (Kaninchen  9^10  Tage),  dass 
sich  diese  Zellen  in  dem  Gefassnetz  der  Area  vasculosa  in  zwei  2^11- 
arten  diffeienziren.  Die  meisten  bekommen  einen  breiten,  kugeligen 
Zelleib,  ihr  Protoplasma  arbeitet  Hamoglobin  aus,  wild  homogen, 
farbt  sich  mit  Eosin  rot,  der  Kern  bleibt  regelmassig  kugelformig,  die 
Nukleolen  treten  weniger  scharf  hervor.  Sie  vermehren  sich  enerpsch 
weiter,  nach  11-12  Tagen  (Kaninchen)  ist  ihr  breiter  homogener 
Protoplasmasaum  schon  sehr  hamoglobinreich,  der  Kern  wird  in  den 
weiteren  Grenerationen  relativ  immer  kleiner,  die  Sphare  undeutlicher. 
Es  sind  also  die  ersten  roten  Blutzellen  die  primitiven  Erythrozyten. 

Ein  kleinerer  Teil  der  Blutinselzellen  arbeitet  aber  kein  Hamo- 
globin aus  und  verwandelt  sich  nicht  in  Erythrozyten.  Diese  2fellen 
bekommen  vielmehr  ein  stark  basophiles  Protoplasma,  ihr  Kern  bleibt 
relativ  gross,  erhalt  an  der  Membran  unregelmassige  Einkerbungen, 
die  Nukleolen  werden  noch  grosser  und  deutlicher  und  das  am 
meisten  Charakteristische  sind  zahlreiche  feine,  spitze,  zipfelformige 
Pseudopodien,  die  das  sparliche,  aber  augenscheinlich  sehr  beweg- 
liche  Protoplasma  aussendet.  Die  ganze  aussere  Form  dieser  Zellen 
lasst  manchmal  direkt  auf  intensive  Ortsveranderung  an  der  Endothel- 
wand  schliessen.  Die  beschriebenen  Zellen  entsprechen  in  ihrem  mor- 
phologischen  Charakter  den  sog.  "grossen  Lymphozyten"  Sie  liegen 
uberall  zwischen  den  primaren  Erythrozyten  zerstreut  Es  sind  die 
ersten  Leukozyten  des  embryonalen  Korpers. 

Die  ersten  Leukozyten  erUstehen  also  zu  gleicher  Zeii  und  aus  den- 
selben  Zellen,  wie  die  ersten  Erythrozyten  und  tbenfaUs  irvtravaskiMr,  in 
den  Gefdssen  der  Area  vasculosa,  ausserhalb  des  Kdrpers. 

Es  ist  also  klar,  dass  man  die  ersten  noch  hamoglobinlosen,  in- 
differenten  Zellen  der  Blutinseln  in  den  friihesten  Stadien  keineswegs 
als  Erythroblasten  bezeichnen  kann;  es  ware  im  Gegenteil  viel  rich- 
tiger,  sie  als  Leukozyten  oder  sogar  Lymphozyten  zu  bezeichnen,  da 
sie  ja  hamoglobinlos  und  morphologisch  echten  Lymphozyten  sehr 
ahnlich  sind  und  im  weiteren  Verlauf  der  Entwicklung  sowohl  Ery- 
throzyten, als  auch  Leukozyten  produziren.  Das  einfachste  ware 
sie  als  primitive  Blutzellen  zu  bezeichnen. 

Wenn  die  Blutzirkulation  beginnt,  so  gelangen  die  primitiven 
Blutzellen  in  den  Blutstrom  und  sind  Uberall  in  den  Gefassen  des 
Korpers  zu  finden.  Spater,  zur  2^it,  wo  man  in  dem  Gefassnetz  der 
Area  vasculosa  schon  deutliche  Lymphozyten  und  primare  Erythro- 
zyten unterscheidet,  und  primitive  Blutzellen  nicht  mehr  vorhanden 
sind  (Kaninchen  10  Tage),  sieht  man  dieselben  zwei  Zellarten  auch 
im  zirkulirenden  Blute;  nur  sind  hier  die  Lymphozyten  viel  seltener, 
ab  im  Gefassnetz  der  Area  vasculosa.  Jedenfalls  treten  aber  echte 
weisse  Blutkorperchen  vom  Lymptozytenhabitus  schon  sehr  friih 
nicht  nur  in  dem  blutbildenden  Organ,  in  derDottersackwand,  sondem 
auch  im  zirkulirenden  Blute  auf.  Sie  sind  hier  erst  ziemlich  selten, 
dann  werden  sie  aber  (Kaninchen  13^  Tage)  zahbeicher.    Sie  bleiben 
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mit  Vorliebe  in  verschiedenen  kleineren  Gefassen,  besonders  am 
Medullarrohr  und  am  Grehirn  stehen  und  aus  ihnen  entstehen  hier 
dann  in  spateren  Stadien  oft  kleine  intravaskulare  Blutbildungsherde. 

Wahrend  der  Entwicklung  der  Blutinseln  sieht  man,  wie  gesagt, 
viele  EndothelzeUen  der  primaren  Gefasse  sich  abrunden  und  in  pri- 
mare  Blutzellen  verwandeln.  Dieser  Prozess  hort  nun  in  der  Ajrea 
vasculosa  bald  auf  —  er  verbreitet  sich  aber  an  der  Gefasswand  in 
der  Richtung  nach  dem  Korper  zu  weiter.  Man  findet  namlich  in 
den  Dottersackarterien  und  besonders  an  der  ventralen  Seite  der 
Aortenwand  (Kaninchen  9-11  Tage)  in  ihrem  caudalen  Abschnitt 
eine  intensive  Endothdwucherung :  die  jungen  2^ilen  runden  sich  ab, 
werden  weggeschwemmt  und  mischen  sich  dem  zirkulirenden  Blute 
bei  —  jetzt  sind  es  hier  aber  nicht  mehr  primitive  Blutzellen,  sondern 
schon  echie  grosse  Lymphozyten,  ganz  dieselben,  wie  die  in  den 
Gefassen  der  Dottersackwand  aus  den  primitiven  Blutzellen  ent- 
standenen.  Sie  besitzen  auch  grosse,  helle,  etwas  unregelmassige 
Keme  mit  dicken  NiJcleolen  und  schmcUes,  stark  basophiles  Proto- 
pldsma.  Aehnliche  Lymphozytenproduktion  findet  man  auch  im 
Herzendothel. 

Als  erstes  blutbildendes  Organ  erscheint  beim  Embryo  bekannt- 
lich  die  aus  der  Area  vasculosa  sich  herleitende  gefassreiche  Dotter- 
sackwand. In  ihren  (Jefassen  finden  wir,  wie  gesagt,  in  einem  be- 
stimmten  Stadium  (Kaninchen  bb  11  Tage)  nur  grosse  basophile 
amoboide  Lymphozyten  und  primare  ErythJozyten.  Beide  2fellarten 
vermehren  sich  und  produziren  ihresgleichen. 

Sehr  bald  (Kaninchen  12  Tage)  tritt  hier  aber  eine  weitere  Kom- 
plikation  ein  —  es  fangen  namlich  auf  Kosten  der  Lymphozyten 
sich  die  endgiiUigen  roten  BlvizeUen  zu  entwickeln  an. 

Die  primaren  Erythrozyten  haufen  sehr  viel  Hamoglobin  in  ihrem 
Protoplasma  auf  und  werden  durch  Eosin  grellrot  gefarbt.  Sie  ver- 
kleinern  sich  in  den  weiteren  Generationen  etwas,  bleiben  aber  doch 
auch  fiir  die  Zukunft  immer  leicht  an  ihrer  Grosse  kenntlich.  Ihr 
Kern  wird  mit  der  Zeit  immer  kleiner,  behalt  seine  regelmassige 
spharische  Form,  verliert  die  Nukleolen  und  sein  Chromatin  vnrd  in 
sehr  regelmdssigen  Komchen  verteiU.  Zuletzt  bekommt  man  die 
letzten  Generationen  der  primaren  Erythrozyten  in  Form  von  grossen 
hamoglobinreichen  roten  Blutkorperchen  mii  kleinen  pyknotischen 
Kernen,  die  nur  selten  die  Zellen  verlassen.  Aus  dem  zirkulirenden 
Blute  werden  sie  aber  nur  sehr  allmahlich  durch  die  endgultigen 
Erythrozyten  verdrangt  und  sogar  bei  Kaninchenembryonen  von  20 
Tagen  kann  man  noch  einzelne  grosse  primare  Erythrozyten  im  Blute 
finden. 

Die  Entstehung  der  endguUigen  roten  BlvizeUen  wird  dadurch  ge- 
kennzeichnet,  dass  ein  grosser  Teil  der  aus  den  Lymphozyten  durch 
Wucherung  entstehenden  Tochterzellen  sich  in  bestimmter  Weise 
qualitativ  verandert.    Beim  Kaninchenembryo  von  12  Tagen  sieht 
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man  in  den  6ef assen  der  Dottersackwand  ausser  den  Lymphozyten 
und  primaren  Erythrozytei^  schon  Haufen  von  neuen  Zellen  auf- 
tauchen  —  sie  sind  etwas  kleiner  cUs  die  Lymphozyten,  aus  denen  sie 
dutch  Teilung  entstehen,  regelmassig  rund,  nicht  mehr  amoboid,  ihr 
schmaler  Protoplcismasaum  ist  nur  mehr  leicht  bdsophil,  der  runde 
Kern  enthdli  regehndsaig  verteUte  ChrimuUinMuckchen,  die  Nukle- 
olen  werden  mit  der  weiteren  Vermehrung  dieser  Zellen  immer  weniger 
detUlich.  Es  sind  Megakblasien  mit  sog.  amblychromatischen  Kemen, 
junge  Erythroblasten  mit  noch  fast  hamoglobinlosem  Protoplasma. 

Die  weitere  Entwicklung  dieser  heilkernigen  Megaloblasten  be- 
st^ht  darin,  dass  ihre  Nachkommenen  immer  kleiner  werden,  das 
Protoplasma  sich  immer  mehr  und  mehr  mit  Hamoglobin  bereichert 
und  der  Kern  immer  kleiner  und  dunkler  wird  —  es  entstehen  typische 
Normoblasten  mit  traehychromatisehen  Kemen,  die  sich  auch  selb- 
standig  weiter  vermehren. 

Naeh  13^  Tagen  beim  Kaninchen  sehen  wir  in  den  Dottersackge- 
f assen  in  buntem  Durcheinander  hamoglobinreiehe  primare  Erythro- 
zyten,  grossere  und  kleinere  typische  Lymphozyten  und  Haufen  von 
sich  allmahlich  verkleinemden  und  mit  Hamoglobin  beladenden 
amblychromatischen  und  traehychromatisehen  Erythroblasten.  Die 
kleinsten  Normoblasten  fangen  auch  schon  an,  ihre  Kerne  durch 
Pyknose  und  Ausstossung  zu  verlieren  und  sich  in  gewohnliche  kern- 
lose  Erythrozyten  zu  verwandeln.  Die  freien  Kerne  werden  von 
Endothelzellen  gefressen. 

Zwischen  den  primitiven  Erythrozyten  einer  —  und  den 
Megalo-und  Normoblasten  andererseits  sieht  man  kaum  irgendwo 
Zwischenformen  —  das  ist  auch  leicht  erklarlich.  Die  primitiven 
Erythrozyten  entstehen  direkt  aus  den  primitiven  Blutzellen,  die 
Erythroblasten  aus  den  Lymphozyten  auf  viel  komplizirtere  Weise. 

Die  beschriebene  Entwicklung  der  Erythroblasten  aus  den  Lym- 
phozyten erreicht  rasch  ihren  Hohepunkt  im  Dottersack.  Die  ferti- 
gen  kemlosen  kleinen  Erythrozyten  treten  aber  nur  ganz  allmahlich 
in  das  zirkulirende  Blut  iiber.  Im  letzteren  bilden  die  primaren 
Erythrozyten  noch  lange,  beim  Kaninchen  bis  zum  15-16  Tage  die 
Majoritat.  Wahrend  man  dann  im  Dottersack  zwischen  Massen  von 
Lymphozyten,  Megaloblasten  und  Normoblasten  nur  verhaltniss- 
massig  sparliche  primitive  Erythrozyten  sieht,  enthalt  das  Blut  ausser 
den  grossen  meist  kernhaltigen  primitiven  Erythrozyten  und  den 
stets  vorhandenen  Lymphozyten  umgekehrt  nur  sehr  wenige  Mega- 
loblasten, Normoblasten  und  kleine  kemlose  Erythrozyten. 

Ueber  die  Entwicklung  der  W^nderzellen  im  embryonalen  Binde- 
gewebe  habe  ich  folgendes  zu  berichten. 

Das  Bindegewebe  tritt  zuerst  in  Form  des  sog.  Mesenchyms  auf, 
welches  alle  Raume  zwischen  den  Keimblattem  und  den  primaren 
Organen  allmahlich  ausf iillt.  Es  besteht  bei  alien  Saugern  anf angs  aus 
ganz  gleichformigen  Zellen^  die,  obwohl  sicher  beweglich,  sanmitlich 
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als  fix  bezeichnet  werden  miissen;  sie  besitzen  eine  unr^elmassige, 
astige  Form,  leicht  basophiles  Protoplasma,  ihre  Auslaufer  verbinden 
sich  netzformig,  ihr  ovaler  oder  auch  etwas  unregelmassiger  Kern 
enthalt  ein  zartes  netziges  Greriist  und  ein  paar  kleine  eckige  Nukleo- 
len.  In  Stadien,  wo  im  Blute  schon  typische  Lymphozyten  aufge- 
treten  sind  (Kaninchen  10-11  Tage),  sieht man  in  diesem  Meaenchym 
noch  gar  keine  Zellen,  die  man  Wanderzellen  nennen  konnte.  Die 
Mesenchjrmzellen  runden  sich  nur  wahrend  der  Mitose  ab,  nehmen 
nach  ihrem  Ablauf  aber  solort  wieder  das  typische  Aussehen  an. 

Dieser  primitive  wanderzellenlose  Zustand  des  Mesenchyms 
iindert  sich  in  einem  gewissen  Zeitpunkt  (Kaninchen  12  Tage).  Es 
erscheinen  zwischen  den  fixen  Mesenchymzellen  die  erden  higtiogenm 
Wanderzellen.  Zuerst  treten  sie  vomehmlich  im  Kopfmesenchym,  in 
der  Umgebung  des  Medullarrohrs  und  der  Aorta  auf,  spater  werden 
sie  besonders  in  der  Haut  und  Unterhaut  immer  zahbeicher,  wahrend 
Hian  sie  im  Bindegewebe  der  inneren  Organe  verhaltnissmassig 
sparlich  findet. 

Sie  entstehen  ganz  unabhangig  von  den  im  Dottersack  schon  be- 
findlichen  und  im  Blute  zirkulirenden  Lymphozyten.  Ihr  Aussehen 
fat  sehr  mannigfaltig.  Bei  den  einen  Tieren  (Kaninchen,  Kaize)  un^ 
terscheiden  sie  sich  sehr  von  den  Lymphozyten.  Es  sind  hier  kleine 
amoboide  2^11en  mit  schwachbasophilem  Plasma,  mit  vielen  zackigen 
Pseudopodien,  mit  einem  hellen,  kleinen,  nukleolenhaltigen  Kern, 
dessen  Membran  unregelmassig  gefaltet  erscheint.  Im  Protoplasma 
tauchen  bald  helle  Vacuolen  auf  —  ein  sehr  typisches  Merkmal. 
Bei  anderen  Tieren  {Ratte)  sind  die  hiatiogenen  Wanderzellen  von 
Anfang  an  ganz  lymphozytendhnlich  —  derselbe  schmale  basophile 
Zellleib,  derselbe  relativ  sehr  grosse  helle  Kern  mit  dicken  Nukleolen, 
nur  enthalt  das  Protoplasma  auch  hier  mitunter  schon  gleich  die 
typischen  Vacuolen. 

Die  Entstehung  der  Zellen  ist  leicht  zu  verfolgen  —  sie  entwickeln 
sich  durch  Kontraktion  und  Abrundung  einzelner  Mesenchymzellen 
und  das  interessanteste  dabei  fat  dass  vomehmlich  die  hart  an  den 
Oefdsswdnden  liegenden  Mesenchymzellen  diese  Veranderung  durch- 
machen,  ja  sogar  die  Endothelzellen  selbst 

In  welcher  genetischer  Beziehung  stehen  nun  diese  histiogenen 
Wanderzellen  zu  den  Lymphozjrten  ?  Trotz  der  manchmal  (Kanin- 
chen, Kaize)  zuerst  sehr  starken  morphologischen  Dijferenz  sind  es  doch 
sicher  zwei  ganz  gleichwertige  Zellarten.  Die  Lymphozyten  entstehen 
frliher,  zum  Teil  aus  den  primitiven  Blutzellen  der  Blutinseln,  zum 
Teil  aus  dem  Endothel  der  grossen  Gefasse.  Es  sind  also  auch  in 
letzter  Instanz  abgerundete  und  frei  gewordene  Mesenchymzellen, 
wie  die  hfatiogenen  Wanderzellen.  Wenn  die  letzteren  zuerst  einen 
abweichenden  morphologischen  Charakter  zeigen,  so  hangt  dies  da  von 
ab,  dass  sie  unter  anderen  ausseren  Umstanden  entstehen,  namlich 
nicht  in  das  Gefassliunen  hineingelangen,  sondem  umgekehrt  an  der 
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Aussenseite  des  Gefassendotheb  und  in  den  angrenzenden  Mesen- 
chymbezirken  sich  ablosen  und  im  Gewebe  weiterwandem.  Bei 
der  Ratte  finden  wir  sie  iibrigens  schon  von  Anfang  an  ganz  lympho- 
zytenahnlich  und  dasselbe  geschieht,  wie  wir  noch  sehen  weixlen, 
auch  mit  einem  Teil  der  Naehkommen  der  hisdogenen  Wanderzellen 
bei  Kaninchen  und  Katze  und  den  anderen  Siiugern. 

Auf  die  beschriebene  Weise  wird  also  dem  jungen  Organismus 
schon  in  frlihen  Entwicklungsstadien  ein  Stamm  von  wandernden 
Mesenchymzellen  geliefert,  die  zum  Teil  im  Blute,  zum  Teil  im 
Bindegewebe  ihren  Sitz  haben,  unter  verschiedenefi  ExisterdbedirV' 
ztngen  verschieden  avssehen  kdnnen,  aber  aile  durchavs  gleichweriig 
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THE  PLAN  OP  DEVELOPMENT  IN  SERIES  OP  PORMS 
OP  KNOWN  DESCENT  AND  ITS  BEARING  UPON 
THE  DOCTRINE  OP  PREPORMATION 

BASHFORD  DEAN 

One  of  the  greater  problems  of  the  embryologist  is  to  deter- 
mine whether  the  embryo  is  "preformed  **  in  the  egg,  or  whether  it 
arises  through  a  series  of  epigenetic  stages,  which  in  their  sequence 
recast  or  repeat  the  organism's  ancestral  Wstory.  We  know,  of  course, 
that  in  the  case  of  some  animals  the  embryo  is  "preformed  "  (i.  6., 
prelocalized),  to  a  startling  degree,  at  the  earliest  cleavage,  or  even 
before  it.  We  know  with  similar  definiteness  that  in  other  forms  the 
embryo  develops  epigenetically,  one  embryonic  stage  supplanting 
another,  and  that  the  component  elements  transform  from  step  to  step, 
undergoing  changes  both  in  quantity  and  in  quality.  And  we  know 
that  various  embryologists  have  tried  to  explain  these  opposite  types 
of  development  in  various  ways.  Extreme  mosaic  types,  to  quote 
Whitman,  —  and  I  infer  that  this  is  his  own  view,  —  "are  commonly 
supposed  to  reflect  ^precociously  the  later  organization,'*  that  is,  the 
mosaic  type  of  development  is  to  be  looked  upon  as  an  abbreviated 
form  of  an  epigenetic  development.  Other  writers  {e,  gr.,  Pischel) 
regard  the  two  types  of  development  as  essentially  unrelated  to  one 
another;  while  others  still,  Huxley  and  his  followers,  are  inclined  to 
believe  that  epigenesis  is  in  essence  a  slowly  developing  form  of  evo- 
lution (preformation).  As  far  as  I  am  aware,  however,  no  attempt 
has  been  made  to  consider  the  question  more  closely  from  the  point  of 
view  of  phylogeny  (i.  6.,  by  analysing  series  of  forms  of  known  de- 
scent), —  a  most  profitable  mode  of  attack,  it  seems  to  me,  since  we 
admit  that  the  present  developmental  processes  have  come  into  being 
as  modifications  of  the  developmental  processes  of  ancestors. 

It  is  in  this  regard  that  I  wish  to  call  attention  to  the  value  of  ver- 
tebrate *  embryology,  since  in  the  vertebrates,  thanks  to  palaeontology, 

*  The  invertebrates,  on  the  other  hand,  contribute  but  scanty  tangible  evi- 
dence for  the  solution  of  this  problem.  For  little  is  known  of  their  paueontolog- 
ical  origin.  And  their  groups,  even  to  many  of  the  ordinal  ana  subordinal 
divisions,  have  been  separated  from  each  other  for  such  great  intervals  of  time 
that  we  may,  in  our  present  knowledge,  readily  conclude  that  the  inteigradins 
ontogenetic  processes  have  become  lost.  We  may  understand  also,  in  view  ot 
such  lapses  of  time,  that  numerous  adaptive  changes  have  come  into  being. 
affecting  all  stages,  sometimes  producing  complicated  parallelisms,  e.  g.,  in  lawful 
stages,  or  local  differences. 
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we  have  a  clear  demonstration  of  the  descent  lines  of  a  number  of  the 
component  groups.  Accordingly,  if  we  can  demonstrate  that  the 
forms  C,  B,  A,  represent  a  phyletic  series,  we  conclude  that  the  em- 
bryonic processes  of  the  forms  of  the  group  C  are  derived  from  those 
of  B,  and  these  in  turn  from  A  Furthermore,  the  fact  that  the 
groups  are  derived  from  one  another  in  relatively  recent  times  pre- 
cludes the  probability  of  the  appearance  of  a  confusing  range  of  adap- 
tive changes.  Thus,  then,  we  may  be  assured  of  a  favorable  means 
of  identifying,  classifying  and  comparing  embryonic  processes,  and  of 
determining  to  what  degree  specialized  (localized)  stages  may  appear 
in  the  embryos  of  various  groups. 

The  results  of  such  a  study,  carried  out  from  the  point  of  view 
of  the  phyletic  derivation  of  the  embryonic  changes,  tiirow  light,  I 
beUeve,  upon  the  problem  of  localization,  for  by  this  means  we  may 
show  that  various  structures  become  developed  precociously  in  em- 
bryos of  groups  of  later  derivation.  That  is,  that  the  later  groups 
may  produce  embryos  of  a  mosaic  type.  And  by  such  series  we  may 
demonstrate  that  certain  mosaic  embryos  are  to  be  interpreted  not 
as  primitive  or  as  independently  developed  forms,  but  as  preco- 
ciously segregated  derivatives  of  epigenetic  ancestors.  That,  however, 
aU  mosaic  embryos  are  to  be  interpreted  in  this  fashion  does  not 
strictly  follow  from  our  present  premises ;  but  we  cannot  deny  that 
the  evidence  of  serial  forms  b  to  be  given  the  greatest  weight. 

Series  of  forms  of  known  derivation  are,  e.  g. : 

Birds  <  Reptiles 

Teleosts  <  Ganoids 

Chimseroids  <  Sharks 

Amphibians  <  primitive  Lung-fishes  (essentially  Crossopterygian). 

We  may  note  that  in  any  of  these  series  the  plan  of  development 
is  found  to  undergo  a  marked  improvement  in  the  later  members  of 
the  series,  —  "improvement**  in  the  sense  that  the  young  acquire 
such  structural  characters  that  they  become  more  perfectly  self- 
supporting  and  in  a  (relatively  and  often  actually)  shorter  time. 

To  cite  an  instance :  — 

Teleost  <  Ganoid 

But  in  the  actual  time  *  of  em- 


The  phylogenetic  development 
would  be  represented  by  longer 
and  shorter  lines,  thus :  — 


Teleost 
I  Ganoid 


bryonic  development,  thus :  — 

Ganoid 
[Teleost 


*  This  is  true  of  the  majority  of  Teleosts,  —  not  of  those  which  have  evolved 
peculiar  adaptations,  e.  g,,  development  in  icy  water,  etc. 
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Now  in  this  state  of  affairs  the  greater  rapidity  of  development  of 
the  derived  type  of  animal  cannot  be  due  mama  parte  to  the  greater 
rapidity  with  which  the  embryo's  cellular  divisions  are  taking  place. 
For  it  is  known  that  the  rate  of  mitosis  is  not  widely  different  m  these 
forms.* 

In  short,  it  can,  I  believe,  be  demonstrated  that  in  a  derived  form, 
such  as  a  teleost,  tfiere  are  fewer  cells  present  in  the  embryo  than  in 
corresponding  stages  of  the  less-modifi^  ganoids.  If  then  the  teleost 
is  able  to  become  self-supporting  with  its  fewer  cells,  we  conclude  that 
these  cells  in  the  process  of  their  evolution  must  have  acquired  greater 
specification  (prelocalization).  In  such  a  case,  however,  the  objec- 
tion might,  with  Huxley,  be  raised  that  what  seems  a  more  epigenetic 
type  of  development  is  in  esse  preformadonal,  manifesting  itsdf  only 
at  an  earlier  period.  But  this  objection  loses  its  weight,  it  seems  to 
me,  when  one  takes  into  account  such  series  of  forms  of  known  de- 
scent. For  it  then  becomes  dear  that  the  changes  in  these  series 
which  lead  to  mosaicness  are  not  manifesting  themselves  from  the 
egg  outward,  i.  e.,  arising  in  the  earliest  stages  and  becoming  evident 
in  a  centrifugal  ifashion,  but  are  gradually  evolving  in  the  reverse 
direction,  centripetally,  t.  e.,  the  structures  of  late  stages  are  being 
inherited  at  a  younger  period,  in  the  fashion  of  "acceleration," 
as  lonff  since  demonstrated  by  die  palaeontologist  (e.  g.,  Hyatt).  In 
a  word,  characters  of  the  late  " larva'*  of  the  ancestral  form  come  to 
appear  in  the  early  embryos  of  the  derived  form :  characters  of  the 
early  "larva"  of  the  ancestral  form  appear  in  the  gastrulation  of  the 
derived  form;  characters  of  the  late  gastrulation  of  the  ancestral 
forms  are  "shunted  back"  into  the  segmentation  stages  of  the 
derived  form.* 

In  other  words,  in  the  derived  form  the  "stages  "  come  obviouslv 
to  exist  upon  a  scaffolding  of  fewer  subserving  cellular  elements.  A 
cell  in  the  notochord  of  a  specialized  teleost  may  be  equivalent  to 
(about)  6  cells  in  the  corresponding  stage  of  the  ganoid,  a  cell  in  the 
spinal  cord  to  (about)  10  cells  in  the  ganoid,  a  cell  in  the  mesone- 
phros  to  many  mesonephric  cells  in  the  ancestral  form,  a  cleavage 
blastomere,  finally,  to  many  cleavage  blastomeres.    In  short,  we  are 

^  There  is  clearly  no  exact  recapitulation  of  the  ancestral  stages  in  the  embryos 
of  the  derived  forms  (thus  the  teleost  does  not  recapitulate  the  exact  stages  in  the 
ganoid).  Yet  all  will  admit  that  the  plan  of  development  of  the  second  form  is 
a  modification  of  the  plan  of  development  in  the  ancestral  form. 

'  To  cite  a  few  details  (taking  the  teleost  as  an  example) : 

(1)  At  about  the  5th  cleava^  in  the  teleost  appears  periblast,  which  is  the 
homologue  of  (but  more  perfect  mdeed  than)  the  subgerminal  sone  oi  nuclei  at  the 
period  of  late  gastrulation  in  ganoid. 

(2)  In  late  cleavage  appear  "  germ  cells  "  which  in  the  ganoid  can  be  identi- 
fied only  in  later  embryonic  stages. 

(3)  Before  the  close  of  gastrulation  the  teleost's  nervous  ssrstem  extends  250^ 
around  the  egg,  while  in  sturgeon  and  garpike  it  measures  scaroelv  more  than  90^. 

(4)  In  early  larval  stages  the  teleost  attains  a  homocercal  taJu,  a  condition  ac- 
quired only  in  more  modemiied  ganoids,  and  at  a  late  Icurval  penod. 
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dealing  in  such  cases  with  a  centripetaliy  "compressed  "  development, 
one  which  becomes  more  and  more  mosaic,  m  expressing  the  later 
stages  of  the  ancestors  in  the  earlier  stages  of  the  descendants. 

In  such  a  case,  e.  gr.,  teleost,  furthermore,  we  note  that  the 
embryonic  "improvements  "  have  taken  place  within  measurable 
time  (since  the  late  mesozoic).  And  if  such  changes  can  be  pro- 
duced within  a  relatively  short  time  we  may  assume,  not  unreason- 
ably, that  the  "shunting  back"  (acceleration)  of  useful  embryonic 
structures  would  become  expressed  more  clearly  and  in  earlier  stages 
if  longer  time  permitted,  say  twenty,  or  a  thousand,  times  longer  than 
in  the  case  in  point.  We  therefore  conclude  that  out  of  the  develop- 
mental plan  of  epigenesis  may  arise  the  developmental  plan  of 
mosaicness,  —  ex  epigenese  praformatio. 

Po3T8CRiPTUM.  —  If  we  admit  the  general  proposition  that  pre- 
formation may  be  derived  from  epigenesis  as  the  result  of  an  accumu- 
lated series  of  changes,  concentrated  into  earUer  development  in  the 
course  of  time,  the  time  factor  is  evidently  to  be  given  the  closest  con- 
sideration.   And  the  following  inductions  are,  I  believe,  tenable :  — 

I.  If  two  descent  lines  of  animals  have  been  separated  from  each 
other  for  an  exceedingly  long  period,  the  plan  of  their  development 
would  tend  to  become  specially  adapted  to  each  separate  group. 
This  result,  however,  would  be  less  evident  in  the  separate  groups 
should  they  retain  identical  living  conditions  during  any  or  all  periods 
of  ontogeny.  Thus,  if  the  conditions  for  the  growth  of  the  earlier 
stages  in  the  two  separate  lines  remained  unchanged,  these  stages, 
would  fail  to  develop  unlike  adaptations :  if  in  the  two  separate  lines 
the  later  stages  alone  remained  under  identical  living  conditions,  the 
most  conspicuous  changes  in  plan  of  development  would  be  in  the 
earlier  stages.  If  the  adults  alone  remained  under  identical  living 
conditions,  the  plan  of  embryonic  development  would  differ  in  propor- 
tion to  the  length  of  time  available  for  this  adaptive  evolution :  i.  e.,  in 
such  a  case,  if  the  time  were  of  great  duration,  the  adaptive  embryonic 
changes  would  be  striking  (e.  gr.,  Peripatus). 

II.  Thus,  conversely,  should  two  forms  similar  in  structure  be 
found  to  differ  in  their  plan  of  development,  we  would  conclude 
justly  that  these  forms  had  been  separate  for  a  long  period  of  time 
(e.  g.,  hagfish  and  lamprey). 
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RAYMOND  PEARL 

1.  A  WELL  known  type  of  organic  symmetry,  which  is  to  be 
found  in  both  plant  and  animal  forms,  is  Uiat  in  which  parts  funda- 
mentally like  each  other  in  structure  and  function  are  arranged 
either  in  a  simple  linear  system,  or  in  a  composite  of  linear  systems 
(branched  forms).  In  animal  forms  this  structural  type  is  designated 
as  the  "segmental,"  and  typical  examples  of  a  primitively  simple 
character  are  to  be  found  among  the  annelid  worms.  In  plants  this 
type  of  symmetry  is  of  very  frequent  occurrence,  and  is  perhaps  most 
typically  to  be  seen  in  forms  which  produce  similar  whorls  of  leaves 
at  each  node  (example,  Ceratophyllum).  A  very  little  study  suflBces 
to  show  that  the  separate  members  of  such  series  of  like  parts  as 
those  under  discussion,  while  generally  similar,  yet  within  the  same 
individual  organism  exhibit  variation  among  themselves.  This 
variation  is  apart  from  and  independent  of  whatever  differentiation 
may  exist  between  the  different  members  of  the  series.  It  obviously 
is  a  kind  of  variation  which  must  be  sharply  distinguished  from 
the  variation  exhibited  between  different  individuals  of  a  race  or 
species.    To  it  has  been  applied  the  term  intra-individual  variation, 

2.  Particular  analysis  of  the  phenomenon  of  intra-individual 
variability  in  the  plant  Ceratophyllum  demersum  has  been  made  by 
the  writer.*  The  character  principally  dealt  with  in  this  study  was 
the  number  of  leaves  to  the  whorl.  The  chief  results  of  the  analysis 
were  to  show  that  in  this  plant :  — 

(a)  The  whorls  are  differentiated  in  respect  to  their  leaf  number 
according  to  their  position  on  the  plant  axis.  This  differentiation 
is  capable  of  description  by  a  simple  logarithmic  curve  of  the  form 

y  =  ^  +  C  log  (a;  +  a), 

where  y  denotes  mean  number  of  leaves  per  whorl  in  whorls  situated 
at  a  distance  x  from  a  fixed  point  a  on  the  axis  of  the  plant,  and  A 
and  C  are  constants.  There  is  abundant  evidence  that  a  logaritfrmic 
curve  of  growth  is  of  very  general  applicability  in  the  growth  of  both 
plants  and  animals. 

(6)  As  whorls  are  successively  produced  by  the  apical  bud 
or  growing  point  of  any  axis  of  the  plant  they  exhibit  continuously 
diminishing  variability.    The  whorls  first  produced  on  an  axis  are 

*  Carnegie  InetUution  of  Washington  Publicalion  No.  58,  pp.  1-136,  1907. 
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the  most  variable;   later  ones  vary  less,  in  an  orderly  progression. 
Ultimately  a  condition  of  practically  no  variation  is  reached.    This 

Ehenomenon  of  decreasing  variability  with  repeated  production  of 
ke  parts  (or  actions)  is  bMdieved  to  be  of  general  occurrence,  both 
in  relation  to  the  form  production  and  to  the  behavior  of  organisms. 
On  the  morphogenetic  side  it  is  the  counterpart  of  Jenning's  "  law 
of  the  readier  resolution  of  physiological  states  in  behavior."  It 
appears  with  great  precision  in  all  of  the  morphogenetic  phenomena 
of  Ceratophyllum  investigated. 

(c)  By  die  application  of  the  principles  involved  in  (a)  and  (6) 
above,  it  is  possible  to  trace,  step  by  step,  the  eenesis  of  the  gross 
individual  variation  curve  (frequency  curve)  for  intra-individual 
variation  in  Ceratophyllum.  In  other  words,  it  is  possible  to  see 
how,  through  the  operation  of  these  laws  of  growth  (or  differentia^ 
tion)  cited,  the  particular  type  of  variation  curve  characteristic  of 
Ceratophyllum  comes  to  exist  instead  of  some  other  out  of  many 
possible  types.  It  is  too  commonly  assumed  in  studies  of  variation 
that  the  fundamental  unit  of  investigation  is  the  frequency  curve. 
The  fundamental  problem  in  every  study  of  variation  appears  to 
the  writer  to  be  that  of  the  genesis  of  the  frequency  curve  observed  to 
exist  under  a  particidar  set  of  conditions.  What  are  the  biological 
causes  which  lead  for  one  organism  to  the  production  of  a  particu]^ 
and  relatively  constant  type  of  variation  curve,  and  for  another  or- 
ganism to  another  equally  particular  and  constant  but  different 
type  of  curve?  To  answer  this  question  obviously  requires  that 
the  gross  frequency  curve  be  subjected  to  analysis  in  terms  of  indi- 
vidualsy  and  not  be  itself  considered  the  ultimate  unit  of  investiga- 
tion. In  many  cases  the  multiplicity  of  causes  concerned  in  Sie 
production  of  frequency  curves  appears  at  present  to  make  such 
analysis  impossible  of  human  accomplishment,  but  such  a  con- 
sideration in  no  wise  lessens  the  desirability  of  pushing  forward  the 
analysis  wherever  it  can  be  done. 

3.  Linear  systems  of  repeated  like  parts  may  be  produced  in 
several  ways,  which  are  biologically  distinct.  Two  of  tiie  most  im- 
portant are;  (1)  the  different  members  of  the  series  may  be  succes- 
sively produced  by  the  continued  morphogenetic  activity  of  a  grow- 
ing point  or  apical  bud  at  the  end  of  an  axis  (example :  Ceratophyllum 
or  any  other  similar  plant  form).  (2)  Each  member  of  the  series 
after  having  been  formed  may  itself  produce  the  next  member,  by 
a  process  akin  to  budding.  Clear  examples  of  this  type  are  to  be 
found  among  the  hydroids,  particularly  the  Plumularidse.  Here 
each  person  on  an  axis,  after  having  completed  its  own  growth  and 
differentiation,  forms  at  its  distal  end  a  bud  which  develops  as  the 
next  person  in  the  series.  The  different  members  of  series  formed 
in  these  two  ways  seem  to  stand  in  relations  to  each  other  directly 
comparable  to  the  relationships  between  distinct  individuals  which 
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are  designated  as  hereditary.  The  members  of  a  series  produced 
by  the  continued  activity  of  an  apical  bud  clearly  stand  in  a  rela- 
tionship to  each  other  comparable  to  the  fraternal.  They  are  to  be 
compared  to  a  uniparental  fraternity  of  individuals.  When  the 
members  of  the  series  are  produced  by  budding,  the  relationship 
between  them  would  appear  to  correspond  to  that  of  parental  or 
ancestral  inheritance  among  individuals.  Each  person  of  a  hydroid 
stock  is  the  immediate  ancestor  (or  parent)  of  the  person  next  distad. 
On  this  view  a  branch  of  a  hydroid  stock  would  represent  a  line  of 
individual  ancestral  descent  (a  family,  in  other  words)  in  which  the 
particular  elements  lead  a  combined  existence  instead  of  becoming 
separated. 

Taking  these  views  as  to  the  relationship  of  differently  produced 
like  parts  of  an  individual  as  a  working  hypothesis  it  is  possible  to 
test  their  validity  by  measuring  biometrically  the  degree  of  resem- 
blance or  correlation  between  the  different  members  of  such  series. 
In  the  case  of  like  parts  produced  in  the  manner  first  described 
above  (apical  bud  growth)  Pearson  has  shown  in  his  brilliant  memoir 
on  homotyposis  *  that  the  coeflScients  measuring  correlation  be- 
tween such  parts  in  a  wide  series  of  plant  forms  are  in  general  of  the 
same  order  of  magnitude  as  the  coeflScients  of  fraternal  inheritance 
anjong  individuals.  The  writer  has  in  hand  at  present  an  investi- 
gation of  the  resemblance  between  the  different  persons  (produced 
by  budding)  in  stocks  of  the  hydroid  Aglaophenia  heUeri  to  deter- 
mine whether  the  correlations  there  correspond  in  magnitude  to 
those  observed  for  ancestral  inheritance  among  individuals.  The 
work  has  not  yet  progressed  far  enough  to  make  possible  a  definite 
statement  of  results  at  this  time.  It  would  appear  that  the  pro- 
cesses of  (a)  production  of  "like  parts"  (members,  or  persons)  of 
a  series  by  an  individual,  and  (6)  the  production  of  "like"  indi- 
viduals through  the  activity  of  germ  cells,  must  be  regarded  as  bio- 
logical processes  very  closely  akin  if  not  fundamentally  identical. 
The  only  distinction  between  them  which  it  seems  possible  now  to 
make  is  that  in  one  case  the  products  of  cell  division  remain  perma- 
nently in  contact  with  one  another  to  form  a  single  system,  whereas 
in  the  other  case  the  products  of  cell  division  at  some  step  in  the 
process  of  development  separate  completely  from  the  system  which 
produced  them  and  thereafter  lead  independent  existences.  So  far 
as  th6  process  of  production  is  concerned  this  distinction  does  not 
appear  to  be  fundamental. 

^Phil.  Tram,  197,  pp.  285-379,  1901. 
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RESULTS  OF  CROSSING  BURSA  BURSA-PASTORIS  AND 
BURSA  HEEGERI 

GEORGE  HARRISON  SHULL 

Ten  years  ago  Solms-Laubach  received  from  Heeger  some 
specimens  of  a  Cruciferous  plant  which  was  found  growing  in 
nature  at  Lindau,  Germany,  which  the  latter  could  not  identify. 
In  general  habit  these  plants  resembled  the  almost  cosmopolitan 
species,  Bursa  bursorpastoris  (L)  Britton  or  Capsella  bursa-pastoria 
as  it  is  commonly  called  by  European  botanists.  They  differed  from 
the  latter  species,  however,  in  having  seed  capsules  oval  in  outline 
and  circular  in  cross-section  instead  of  the  flat  and  triangular  or 
obcordate  capsules  which  are  characteristic  of  Bursa  bursorpoMoris. 

Solms-Laubach  and  Ascherson  to  whom  he  showed  the  specimens, 
were  both  inclined  at  first  to  refer  them  to  the  genus  Camelina,  which 
is  characterized  by  spherical  capsules.  Cultures  made  from  seed  se- 
cured from  Professor  Heeger  soon  indicated,  however,  the  near  rela- 
tionship of  the  new  form  to  Bursa  bursa-pastoris  when  in  1898  several 
apparent  reversions  to  the  capsule-form  of  B.  bursorpastoris  were 
noted.  In  1900  Solms-Laubach  *  published  an  account  of  the  new 
form,  assigning  to  it  the  name  Capsella  heegeri  which  becomes,  ac- 
cording to  the  American  code.  Bursa  heegeri  (Solms-Laubach). 

This  very  distinct  species  of  Bursa  has  attracted  considerable 
attention  for  the  reason  that  its  occurrence  as  a  component  of  the 
flora  of  a  region  so  well  known  taxonomically  could  leave  scarcely  a 
doubt  of  its  very  recent  origin  from  B.  bursa-poMoris  by  mutation, 
and  it  was  mentioned  by  De  Vries '  as  an  instance  of  mutation  in 
nature.  Shortly  after  the  publication  of  the  original  account,  Bursa 
heegeri  disappeared  from  tiie  type  locality  at  Lindau,  and  has  been 
reported  from  nature  only  once  since  that  time,  though  it  has  been 
widely  grown  in  botanical  gardens. 

The  second  report  of  the  discovery  of  Bursa  heegeri  in  nature  was 
made  by  Laubert '  who  discovered  it  along  the  Dahlem  turnpike  in 
1905,  but  here  the  likelihood  of  a  new  origin  is  certainly  exceeded  by 
the  likelihood  that  a  seed  was  carried  to  this  spot  by  some  agency 
from  a  nearby  culture,  for  it  had  been  cultivated  for  several  years  at 
Dahlem  in  an  unprotected  bed  several  hundred  meters  from  the 
place  in  which  Laubert  discovered  it.    Laubert  pointed  out  that  there 

^  Solms-Laubach,  H.,  Cruciferienstudien  I.  Capsella  Heegeri  Solms  eine 
neuentstandene  Fonn  der  deutschen  Flora.  Bot,  Zeit.,  58,  pp.  167-190,  PI.  VII. 
1900. 

'  De  Vries,  H.,  Die  Mutationsiheorie,  I.  Die  Entstehung  der  Arten  durch 
Mutation,     pp.  477-478.     1901. 

»  Laubert,  R.,  Notizen  Qber  Capsella  Heegeri  Solms.  Verh,  dea  Bot,  Vereins 
d.  Provim  Brandenburg,    47,  pp.  197-199,  1905. 
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are  other  characters  of  the  stem  and  inflorescence  in  addition  to  the 
capsule  character  noted  by  Solms-Laubach,  which  serve  to  distinguish 
B.  heegeri  from  its  supposed  parent,  but  on  the  other  hand  he  found 
that  in  both  species  there  occur  frequent  instances  of  abnormal  pis- 
tillate but  sterile  flowers  in  the  lower  portion  of  the  flower-stem,  and 
he  took  this  fact  together  with  the  occurrence  of  capsules  occasionally 
simulating  those  of  B.  bursorpcistoris,  formed  when  B.  heegeri  is  at- 
tacked by  Cystopus  and  Peronospora,  as  additional  proofs  of  the 
correctness  of  the  view  that  B.  heegeri  is  a  derivative  from  B.  bursa- 
pastoris.  Of  the  manner  of  its  derivation  from  B.  bursa-pastoris 
nothing  is  known,  of  course,  but  Potonie  ^  suggests  that  its  origination 
was  a  pathological  phenomenon  with  atavistic  significance;  in  other 
words,  that  it  is  a  reversion  induced  by  some  pathological  condition. 

The  prominent  part  which  mutation  may  have  taken  in  the  produc- 
tion of  new  species  makes  it  of  great  interest  to  know  in  each  case 
just  what  will  be  the  result  both  of  self-fertilization  and  of  crossing 
the  mutant  with  the  parental  form,  for  its  behavior  in  these  two 
cases  is  the  important  factor  in  determining  its  power  of  mainte- 
nance at  the  time  of  its  origin.  The  result  of  self-fertilization  was 
investigated  by  Solms-Laubach  before  the  publication  of  his  original 
account,  and  it  was  shown  that  the  characters  that  differentiate  B. 
heegeri  from  B.  bursa-pastoris  are  fully  heritable.  As  the  Bursas 
normally  self-fertilize  to  a  predominant  extent,  the  possession  of  a 
vigorous  constitution  would  seem  to  be  all  that  is  necessary  for 
successful  maintenance. 

I  have  now  tested  the  question  as  to  what  will  happen  when  Swr^o 
heegeri  and  B.  bursorpastoris  intercross.  In  order  to  appreciate  the 
result  fully  it  will  be  necessary  to  recount  briefly  some  recendy  dis- 
covered facts  regarding  the  composition  of  the  species  B.  bursa- 
pastoris.  This  species  is  not  of  unit  value,  but  is  a  composite  group  of 
elementary  species  as  has  been  shown  by  Lotsy,*  Shull,'  and  Aimquist* 
How  many  of  these  elementary  species  there  may  be  cannot  be 
stated  at  this  time,  but  Ahnquist  has  described  and  named  over  70. 
In  my  own  cultures  I  have  observed  that  some  of  the  differentiating 
characters  used  by  Almquist  disappear  upon  continued  breeding, 
and  I  think  it  very  probable  that  not  all  of  the  70  elementary  species 
described  by  him  will  stand  the  test  of  longer  culture  under  more 
carefully  controlled  conditions,  but  it  seems  evident  that  the  number 
of  elementary  forms  may  be  considerable.  I  have  studied  in  their 
hybrid  combinations  four  of  these  elementary  species,  and  have 

^  Potonie,  H.,  Capsella  Heegeri  eine  pathologische  Erscheinung  mit  ata- 
vistischen  Momenten?    Naturwis.  Wochenschr.    21  (N.  8.  6),  pp.  788-791.    1906. 

*  Lotsy,  J.  P.,  Vorlesungen  Vher  Deszendenztheorien.  mil  besonderer  B»- 
riicksichtigung  der  botanischen  Seite  der  Fraqe.    Erster  Teil.    pp.  179-181.    1906. 

"  Shiul,  G.  H.,  Elementary  species  and  hybrids  of  Bursa.  Sciencey  N.  S. 
25,  pp.  690-691.    1907. 

^  Almquist,  E.  Studien  Uber  die  CapteUa  buraa-pastorU  L.  Ada  Horti  Ber- 
giana,    4,No.  6,  1907. 
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demonstrated  their  distinctness  and  permanence  beyond  a  possible 
question.  These  four  types  are  distinguished  from  each  other  by 
characteristic  lobation  of  the  leaves.  For  convenience  I  have  as- 
signed to  these  four  forms  the  names  Bursa  bursarpastoris  heteris,  B. 
bp.  rhomboidea,  B.  bp.  tenuis,  and  B,  bp.  simplex.  It  has  been  impos- 
sible to  determine  which  of  Almquist's  elementary  forms  agree  with 
these,  but  it  is  almost  certain  that  each  of  these  four  forms  is  more  in- 
clusive than  his  described  forms,  and  that  under  each  of  these  headings 
should  be  grouped  several  of  his  named  elementary  species.  These 
four  types  may  be  briefly  characterized  as  follows : 

Type  (a).  Bursa  bp.  heteris  has  the  leaves  divided  to  the  mid- 
rib, the  terminal  lobe  bein^  usually  separated  from  the  nearest  lateral 
lobes  by  dean,  deep  incisions.  The  lateral  lobes  consbt  essentially 
of  two  features,  an  elongated  proximal  portion,  the  "primary  lobe,"' 
and  a  more  or  less  rounded  or  angular  portion,  the  "secondary  lobe, 
in  the  distal  axil  of  the  primary  lobe.  Several  of  Almquist's  re- 
cendy  described  elementary  species  obviously  fall  under  this  head, 
his  B.  bp.  angustiloba  representing  the  most  pronounced  type,  and 
WOtrockii,  rubella,  and  others  doubtiess  belong  here.  From  the  de- 
scriptions and  photographs  I  have  been  unable  to  determine  which 
is  the  first  of  ms  elementary  species  which  should  be  classed  here. 
This  is  an  important  matter  because  it  would  determine  the  priority 
of  names. 

Type  (b).  Bursa  bp.  rhomboidea  has  the  leaves  divided  to  the 
midrib  as  in  type  (a).  The  lateral  lobes  have  an  incision  on  the  distal 
margin  setting  off  the  rounded  secondary  lobe  from  an  unelongated 
primary  lobe,  the  secondary  lobe  corresponding  with  the  rounded 
distal  component  of  the  heteris  lobe.  There  is  usually  a  corresponding 
incision  on  the  proximal  margin  of  the  primary  lobe.  In  the  best 
developed  specimens  these  incisions  set  off  a  small  terminal  portion 
which  is  ramer  blunt  or  anmilar  at  the  apex,  being  generally  of  rhom- 
boidal  form.  Less  perfectfy  developed  specimens  have  the  incbions 
very  shallow,  or  nearly  wanting.  Here  may  belong  Almquist's  B.  bp. 
pdyedra,  densa,  and  alpina. 

Type  (c).  Bursa  bp.  tenuis.  This  differs  from  both  (a)  and  (b) 
in  that  the  sinuses  do  not  usually  reach  the  midrib  and  the  terminal 
lobe  b  not  set  off  from  the  nearest  lateral  lobe  by  a  clean-cut  incbion 
reaching  almost  or  quite  to  the  midrib.  The  lobes  are  more  or  less 
elongated  and  sharp,  entirely  lacking  th^  rounded  secondary  lobe. 

Type  (d).  Bursa  bp.  simplex.  Like  the  last,  thb  form  b  scarcely 
ever  divided  nearly  to  the  midrib,  and  the  lobes  are  mosdy  obtuse, 
sometimes  more  or  less  acutbh,  but  never  long  and  attenuated. 

I  have  studied  over  twenty  families  of  hybrids,  among  these  four 
elementarv  species,  and  find  that  they  represent  the  four  terms  of  a 
tyjMCftl  Mendetian  dihybrid,  the  alternate  characteristic  being,  Aa, 
an  elongated  primary  lobe  vs.  no  elongated  primary;  and,  Bb,  a 
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rounded  secondary  lobe  vs.  no  rounded  secondary.  In  the  usual 
manner  of  designating  gametic  formulae,  B.  bp.  heteris  will  be  repre- 
sented as  AB,  possessing  both  dominant  characteristics;  rhomboidea 
will  be  aB ;  tenuis,  Ab,  and  simplex,  ab.  From  this  it  wiU  be  inferred 
that  heteris  is  dominant  over  all  of  the  other  forms;  that  rhomboidea 
and  tenuis  are  both  dominant  over  simplex,  and  recessive  to  heteris; 
and  that  when  tenuis  and  rhomboidea  are  crossed  together,  and  when 
heteris  and  obtu^sa  are  crossed  together,  heteris  appears  as  the  F„  and 
all  four  forms  will  occur  in  Fj  in  the  ratio  9 : 3 : 3 :  L  All  of  these  in- 
ferences have  received  complete  experimental  confirmation. 

Now,  in  the  cross  between  B.  bursa-pastoris  and  B.  heegeri  it  is 
important  to  note  that  B,  heegeri  has  a  rosette  possessing  the  two 
dominant  characteristics  of  B.  bp.  heteris,  though  the  primary  lobe, 
A,  is  usually  wider  and  more  blunt  than  the  best  developed  examples 
of  the  B.  bp.  heteris  type,  and  the  rounded  secondary,  B,  is  rendered 
less  prominent  because  of  the  lesser  depth  of  the  sinus  which  sets  it 
off  from  the  primary  lobe.  Reciprocal  crosses  were  made  between  B. 
heegeri  and  B.  bp.  simplex.  The  F^  hybrids  were  essentially  uniform, 
and  were  of  the  heteris  type,  though  somewhat  stunted  because  of 
unfavorable  conditions  in  the  propagating-house  during  the  period  (rf 
their  development.  All  had  the  fiat,  triangular  capsules  of  Bursa 
bursa-pastoris.  In  Fj  there  appeared  the  four  forms  of  rosette  already 
described,  in  combination  with  each  type  of  capsule.  The  rosettes 
presented  many  instances  of  the  best  developed  examples  of  the  four 
described  forms,  particularly  interesting  being  the  fact  that  much 
better  developed  heteris  rosettes  occur  in  the  Fj  than  are  seen  in  pure- 
bred B.  heegeri,  though  these  heteris  characteristics  must  have  come 
directly  from  the  heegeri  side  of  the  cross.  The  numerical  results  of 
these  crosses  may  be  tabulated  thus : 


Fed.  No. 
06196 
06197 
06212 


Bursa  bp.  simplex  (abC)  X  Bursa  h.  heteris  (ABc) 


Pad.  No.  056.64 


Ped.  No.  059. 


Bursa  bp.  heteris  (ABC) 

Ped.  No.  0564.88 
Ped.  No.  059.89 


Bursa-pastoris  series  (C) 


Heegeri  series  (c) 


heteris  rhomboidea  tenuis  simplex,  heteris  rhomboidea  tenuis  simplex 

98  32  36       13     I        5  2  11 

1032  302         331       78     I      45  13  13        1 

317     67    102   21  I   19      4     7    0 


lj9.9:l 
24^:1 
16.9:1 


Total 
Expected 


1447 
1368 


401 
456 


469  :  112 
456  :  152 


63 


19 
21 


21 
21 


21.9:1 
3.0:1 
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In  this  table  the  pedigree  numbers  06196  and  06197  represent 
families  in  which  the  bursa-pastoris  is  the  mother,  while  No.  06212  is 
the  reciprocal  cross.  It  will  be  seen  that  there  is  no  essential  diflFer- 
ence  between  these  two  crosses.  In  the  rosette  characters  the  num- 
bers of  offspring  belonging  to  the  several  types  are  very  close  to  the 
Mendelian  ratios,  among  both  those  having  bttrsorpcLstoris  capsules 
and  those  having  heegeri  capsules,  showing  by  these  facts  that  the 
heegeri  rosette  has  the  same  allelomorphic  composition  as  that  of 
bursa-pastoris,  and  that  these  rosette  characters  are  not  coupled  in 
any  but  a  chance  way  with  the  form  of  the  capsule.  This  indepen- 
dence of  characters  is  thus  seen  to  be  a  matter  of  great  importance 
in  the  production  of  new  elementary  forms;  for,  before  this  cross  was 
made  there  existed,  so  far  as  is  known,  but  one  elementary  species 
of  B.  heegeri,  while  out  of  the  cross  came  four  elementary  species  of 
B.  heegeri.  • 

While  there  is  thus  seen  to  be  perfect  agreement  with  Mendelian 
ratios  in  rosette  characters,  the  capsules  gave  a  surprising  departure. 
The  capsule-form  is  perfectly  alternative;  there  never  appeared  in 
my  cultures  any  intermediate  condition.  As  the  bursorpastoris  form 
is  dominant,  simple  Mendelian  expectation  would  require  the  ap- 
pearance of  one  B.  heegeri  in  every  four  F,  individuals,  providing 
this  capsule  difference  be  assumed  to  be  due  to  the  presence  or  ab- 
sence of  a  single  unit.  Out  of  2540  plants  of  the  Fj  generation 
observed,  only  111  were  B.  heegeri,  or  approximately  one  in  twenty- 
three.  That  this  result  should  be  consistendy  given  in  three  differ- 
ent pedigrees  representing  reciprocal  crosses  adds  gready  to  the 
weight  that  is  to  be  attached  to  it.  The  greatest  frequency  in  any 
pedigree  was  one  in  nearly  18,  and  the  least  frequency  was  one  in 
25.  I  take  the  fact  that  the  reciprocal  crosses  gave  similar  ratios 
to  indicate  that  the  B,  heegeri  capsule  is  dependent  upon  something 
carried  by  the  germ-cells  and  cannot  be  a  pathological  condition  trans- 
missible from  mother  to  offspring  somatically,  a  possibility  that  might 
account  for  apparent  heritabiUty  of  characters  in  a  self-fertilized 
line,  but  could  not  well  account  for  equal  results  in  reciprocal  crosses. 
Normal  Mendelian  phenomena  are  believed  to  rest  pretty  securely 
on  the  method  of  formation  of  the  chromosomes  during  the  reduction 
division,  but  no  scheme  of  behavior  occurs  to  me  which  would  result 
in  the  distribution  of  the  heegeri  determiner  to  but  one  cell  in  20. 

It  is  clear  that  in  this  case  the  capacity  of  B.  heegeri  to  maintain 
itself  in  competition  with  its  parent  would  be  very  slight  were  it  not 
for  the  fact  that  cross-fertilization  in  Bursa  is  relatively  infrequent. 

Briefly  summarized  my  conclusions  are : 

(1)  Bursa  heegeri  has  the  same  Mendelian  units  in  its  leaves  as 
occur  in  B,  bursa-pastoris,  which  serves  further  to  confirm  its  deri- 
vation from  that  form. 

(2)  The  crossing  of  B.  heegeri  with  B.  bursa-pastoris  gives  rise  to 
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a  series  of  elementary  species  in  the  former  corresponding  with  those 
in  the  latter  species. 

(3)  The  leaf  characters  are  inherited  in  strict  Mendelian  ratios, 
but  the  capsule  shows  a  very  great  departure.  The  biarsarpastoris 
capsule  dominates  the  F|  generation^  but  the  heegeri  capsule  appears 
in  the  F,  generation,  in  only  1  in  18  to  25  individuals. 

(4)  Under  these  circumstances  the  capacity  of  B.  heegeri  for  self- 
maintenance  in  competition  with  B.  bursorpcistoris  rests  upon  the 
comparative  infrequency  of  cross-fertilization. 

My  sincere  thanks  are  hereby  tendered  to  Dr.  E.  N.  Transeau  in 
whose  charge  these  cultures  were  left  during  my  absence  in  Cali- 
fomia.  A  large  part  of  the  work  of  grouping  the  F,  into  the  proper 
classes  was  done  by  him. 
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HEREDITY  OF  COLOR  PATTERN  IN  COCCINELLID 

BEETLES 

(Abbtbact) 
ROSWELL  H.  JOHNSON 

The  relaxation  of  natural  selection  shown  to  have  taken  place 
in  reference  to  the  color  pattern  permits  the  establishment  of  new 
varieties  or  species  where  conditions  are  such  as  to  cause  the  ap- 
pearance of  many  mutations  of  one  kind  or  of  individuab  with  germ 
plasm  slightly  altered  in  one  direction.  The  general  occurrence 
of  spotted  elytra  throughout  the  family  makes  it  probable  that 
these  spots  must  have  been  of  decided  advantage  at  one  time,  doubt- 
less as  a  mark  by  which  the  enemies  of  these  beetles  would  associate 
its  distasteful  secretion.  The  cause  of  the  relaxation  may  be  a 
greater  perfection  of  the  ground  color,  or  a  great  extension  of  the 
number  of  species  of  aphids,  upon  which  they  feed. 

Orthogenesis  is  indicated  by  similar  patterns  arising  independ- 
ently in  different  phyletic  lines  in  the  absence  of  natural  selection. 
Yet  some  of  these  have  the  nature  of  unit  characters  and  are  in- 
herited in  a  Mendelian  way.  Orthogenesis,  defined  as  an  excess 
of  inheritable  variation  in  one  direction,  and  mutation  are  not  there- 
fore mutually  exclusive. 

The  frequency  with  which  spots  have  disappeared  is  sig- 
nificant in  connection  with  the  large  number  of  abnormalities  of 
defect  found  in  domestic  animals  and  in  man,  where  similarly  the 
strictness  of  natural  selection  is  restrained.  Poultry,  for  instance, 
show  us  individuals  or  strains  lacking  a  great  variety  of  structures, 
such  as  comb,  tail,  booklets  on  the  barbules,  feathers  on  the  neck, 
etc.  And  in  man,  progressive  discontinuous  variations  aside  from 
mere  duplication  of  members  are  rare,  while  abnormalities  of  defect, 
especially  of  the  senses,  are  commonplace.  Pearson's  refutation  of 
Weismann's  position  that  degeneration  follows  panmixia  is  there- 
fore incomplete.  It  seems  to  me  we  must  often  have  a  degeneration 
from  cessation  of  natural  selection  on  account  of  the  dispropor- 
tionate frequency  of  variations  or  mutations  of  defect. 

Hipj^odamia  lecontei,  a  mountain  form,  remains  unchanged  in 
oiu*  envu-onment  and  is  thus  germinal,  while  H.  convergens,  sub- 
jected to  moderate  cold  gives  us  the  same  "wine  pronotum."  We 
have  here  then  a  small  item  to  add  to  the  formidable  mass  of  evidence 
which  now  exbts  for  the  view  that  germ  and  soma  are  often  modified 
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by  the  environment  in  a  parallel  way,  I  have  reference  to  some  fea- 
tures of  the  experiments  of  Standfuss  and  Pictet  on  Lepidoptera, 
but  especially  to  Tower's  notable  experiment  on  the  production  of 
Leptinotarsa  pallida.  This  parallel  modifiability  which  gives  us 
the  same  result  to  be  expected  from  the  inheritance  of  acquired  cha^ 
acters,  in  so  far  as  they  result  from  the  external  environment,  must 
be  more  seriously  reckoned  with  as  a  factor  in  evolution. 

Of  the  various  pattern  peculiarities  I  am  breeding,  only  three 
are  acting  simply  enough  to  permit  a  report  suflBcienUy  definite  at 
this  stage  of  the  work.  Some  H.  quinqve^signata  females  from 
nature  have  proved  heterozygotous,  giving  some  H.  lecontei  progeny, 
although  the  two  species  are  currently  recognized  as  distinct.  Pure 
quirupiesignata  crossed  with  lecontei  give  Mendelian  results,  the 
dominance  of  quinque-^ignaia  being  complete.  Similarly  some  H, 
extensa  from  nature  give  some  convergens  progeny.  Crosses  show, 
however,  that  the  dominance  of  extensa  is  incomplete.  The  spot- 
less form  is  also  habitually  interbreeding  with  convergens,  but  here 
the  heterozygotous  individuals  show  reduction  in  number  and  size  of 
spots,  yet  with  segregation  in  F,. 
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INHERITANCE  OF  ABNORMAL  WING-VENATION 
IN  DROSOPHILA 

FRANK  E.  LUTZ 

DrosophUa  ampdophUa  is  the  very  small  and  very  common  fruit 
fly.  In  the  normal  type  of  wing-venation  the  radius  b  apparently 
three-branchedy  owing  to  division  2  being  fused  with  3,  and  4  with  5. 
There  are  normally  only  two  cross  veins. 

In  the  course  of  some  natural  selection  experiments  I  noted  a 
number  of  flies  which  showed  an  extra  vein  or  a  piece  of  a  vein  in 
Cell  Rj.  These  flies  were  offspring  of  matings  Nos.  199,  205,  and 
207.     They  were  all  grandchildren  of  No.  184  and  their  more  re- 
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mote  ancestors  had  been  closely  inbred.  I  have  since  found  the 
same  abnormality  in  two  wild  flies  out  of  300.  Matings  were  made 
between  the  abnormal  flies  of  family  205  and  from  such  matines  I 
obtained  a  large  number  of  abnormal  offspring.  Thus  mating  No. 
226  gave  94  abnormal  flies  in  a  total  of  145.  The  abnormality  con- 
fined itself  to  Cell  Rj,  but  showed  a  great  variation  in  form  and  in- 
tensity. Plate  I  shows  the  character  of  the  parents  and  26  offspring 
selected  at  random  from  among  the  abnormal.  In  subsequent 
generations,  however,  I  began  to  notice  spurs  from  the  posterior 
side  of  vein  R^^,  and  dots  at  the  distal  end  of  Cell  Rs  near  vein 
11^  R4+5*  And  in  the  sixth  generation  of  the  abnormal  strain  I 
found  a  fly  with  the  venation  shown  in  Figure  1.  This  was  the 
extreme  of  the  abnormality  until  last  week  when  in  a  strain 
being  bred  with  the  express  purpose  of  trying  to  increase  the 
abnormality  I  found  a  well  developed  spur  on  me  media.  Here- 
tofore, only  the  branches  of  the  radius  nad  been  affected.  From 
a  study  of  about  seven  thousand  abnormal  wines  I  am  inclined  to 
believe  that  these  partial  veins  are  the  result  of  a  single  dbturbing 
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factor  whose  center  of  activity  is  the  anterior  side  of  the  distal  end  of 
vein  R^a- 

I  have  examined  sections  of  these  abnormalities  and  they  have 
the  appearance  of  true  veins  possessing^  when  well  developed,  a 
lumen. 

Returning  to  Plate  I,  we  note  that  bilateral  synmietry  is  practi- 
cally absent.  Notice  a  definite  transverse  vein  on  one  side  and  just 
as  definite  a  longitudinal  on  the  other.  In  some  the  abnormality  is 
reduced  to  a  mere  dot  on  one  side  while  it  is  well  marked  on  the  other. 
In  many  it  is  entirely  lacking  on  one  side  while  present  on  the  other. 
Is  it  lacking  in  these  cases  because  the  extreme  of  the  fluctuation  of 


1  None 

Very 
SHrM 

Slight 

Medium 

Greaf 

Very 
Great 

N. 

43 

37 
570 

47 
741 

7 
215 

a     '*» 

VS. 

42 
45J 

(.S) 

(&) 

20 

3 
65 

i      '»« 

S. 

25 
53.7 

te) 

Uo?) 

i£) 

4     '" 

M. 

42 
66.3 

{^) 

(^^) 

fe) 

^ 

z 

158 

G. 

9 

21.0 

7 
7.1 

6 
7^ 

(£) 

(i-o) 

k^l 

50 

V.6. 

&3 

2.1 

2.4 

(£) 

(^,) 

(::) 

15 

130 

lee 

A9 

12 

Table  I.  —  The  Intensity  of  Abnobmalitt  in  Females. 

the  abnormality  is  normality?  Or,  was  there  a  diflferential  division 
of  the  allelomorphs  in  the  early  somatic  cell  divisions  as  well  as  in  the 
germ  cells  ?  The  latter  seems  more  probable  in  the  cases  of  asym- 
metrical eye  color,  as  for  instance  in  pigeons  and  cats;  but  the  former 
seems  more  reasonable  in  the  present  case  because  of  the  manifest 
gradation  of  the  abnormality  down  to  the  limit  of  vision,  hence  pre- 
sumably beyond  it.  However,  the  first  glance  was  in  error  about  the 
lack  of  bilateral  symmetry.  This  is  shown  in  Tables  I  and  II  where 
the  character  of  the  oflfspring  with  respect  to  the  intensity  of  the  ab- 
normality of  twenty  abnormal  families  is  shown  in  correlation  tables. 
No  satisfactory  mathematical  expression  of  the  amount  of  correlation 
between  the  two  wings  is  available,  but  the  numbers  underscored  show 
what  we  would  expect  if  a  right  and  a  left  wing  were  joined  in  random 
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fashion.  Wherever  this  expectation  b  exceeded  I  have  put  brackets- 
The  clinging  of  these  brackets  to  the  diagonal  indicates  a  tendency, 
in  spite  of  great  fluctuation,  toward  a  similarity  of  intensity  in  the 
abnormality  on  the  two  sides. 

These  tables  demonstrate  a  second  and  a  very  important  point 
A  greater  percentage  of  the  females  are  abnormal  than  of  the  males. 
Tables  III-V  show  that  this  is  a  general  phenomenon.  In  only  a 
few  families  is  there  a  greater  percentage  of  abnormals  among  the 
males  than  among  the  ^males.  Family  No.  226,  of  which  I  have 
already  spoken,  b  typical.  Forty-six  per  cent  of  the  males  were 
abnormal  and  80  per  cent  of  the  females. 
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Table  II.  —  The  iNTENsmr  op  Abnormalitt  in  Males. 

Considering  the  fact  that  this  abnormality  together  with  normal- 
ity forms  a  single  fluctuating  series  and  that  the  same  fly  may  be 
normal  on  one  side,  abnormal  on  the  other,  ought  we  expect  it  to 
follow  the  Mendelian  laws  ?  I  think  so.  In  the  color  pattern  of  the 
beetle,  Crioceris  asparagi,  we  have  both  these  difficulties,  and  yet 
unpublished  work  ^  done  with  this  beetle  demonstrates  that  it  Men- 
deUzes  very  well. 

Concerning  the  inheritance  of  this  Drosophila  abnormality,  if  a 
wild  normal  be  mated  with  an  abnormal  the  offspring  are  neariy  all 
normal,  as  shown  in  Table  III,  but  only  in  one  mating  were  they  al- 
together so.  In  F,  (normal  X  normal)  the  majority  oi  the  families 
give  nearly  25  per  cent  abnormal,  but  some  are  practically  normal 

*  See  Fifth  Year  Book  qf  the  Carnegie  IneHtuHon,  p.  101. 
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When  the  abnonnal  Fj  are  mated  with  normal  F^  the  results  are  even 
more  variable.  This  would  lead  us  to  say  that  normal  is  dominant 
over  abnormal  and  that  the  character  obeys,  in  these  matings,  the 
spirit  of  the  Mendelian  law  but  not  the  letter.  If  abnormal  is  reces- 
sive, abnormal  X  abnormal  should  give  100  per  cent  abnormal. 
Table  V  shows  the  results  of  a  number  of  such  matings.  In  Tables 
III  to  V  the  average  number  of  offspring  per  mating  is  90,  so  that  the 
percentages  should  be  fairly  accurate.    Each  dash  in  Tables  IV  and 
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Table  III. 

V  represents  one  mating,  and  its  position  shows  the  percentage  of  ab- 
normal individuals  among  the  males  and  females,  respectively.  It  is 
very  evident  that  the  results  of  abnormal  X  abnormal  disregard  en- 
tirely the  letter  of  the  simple  Mendelian  law  and  apparendy  do  great 
violence  even  to  its  spirit. 

Of  course,  we  ought  to  introduce  some  modifying  clause  to  ac- 
count for  the  sexual  dimorphism.  Wood,  working  with  homed  vs. 
hornless  sheep  used  the  idea  of  reversed  dominance.  That  does  not 
apply  here.    Doncaster  invented  a  very  ingenious  but  somewhat  com- 
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plicated  hypothesis  that  comes  fairly  close  to  representing  the  case  of 
Abraxajs.  According  to  it  the  female  determines  the  sex  and  in  the 
hybrid  females  the  female-producing  egg  carries  only  the  recessive 
color  allelomorph.  Then  recessive  male  X  hybrid  female  should  give 
100  per  cent  recessive  females  and  100  per  cent  dominant  males. 
These  flies  do  not.     Besides  in  R  X  R  on  diis  hypothesis  there  should 

PERCENTAGE   OF  ABNORMAL  FEMALE    OFFSPRING. 
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Table  IV.  —  The  Offspring  of  Normal  x  Normal. 

be  no  sexual  dimorphism.  Here  there  is.  I  have  formulated  and 
worked  out  in  detail  eleven  diflferent  hypotheses  based  upon  the  idea 
that  in  addition  to  the  fundamental  one  or  two  allelomorphs  needed 
for  a  given  state  —  say  abnormality  —  there  is  one,  or  more,  other 
allelomorphs  needed  in  one  sex  —  say  male  —  which  is  not  needed 
in  the  female.  Most  of  these  work  very  badly  and  none  well.  Ac- 
cording to  them  one  ought  to  be  able,  in  time,  to  so  segregate  the  alle- 
lomorphs that  we  get  a  strain  showing  complete  instead  of  partial 
sexual  dimorphism.    I  have  been  attempting  to  do  this.    Doncasteri 
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in  the  case  of  tortoise-shell  cats,  found  that  one  sex  showed  complete 
dominance,  the  other  incomplete,  producing  the  tortoise-shell  pat- 
tern. This  introduces  the  idea  of  the  varying  potency  of  allelomorphs. 
The  yellow-producing  allelomorph  is  more  potent  in  one  sex  than  in 
the  other.  Taken  in  connection  with  what  follows  this  may  be  the 
best  explanation  of  the  behavior  of  these  flies.  If  it  is  true,  I  will 
never  be  able  to  get  complete  sexual  dimorphism  and,  in  fact,  although 

PEBCSNTAGE   OF  ABNORMAL  FEMAUB   OFFSPRING. 
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Table  V.  —  The  Offspring  of  Abnormal  x  Abnormal. 

I  have  already  reared  more  than  ten  thousand  pedigreed  oflfspring 
from  about  three  hundred  matings  I  have  not,  as  yet,  had  any  indi- 
cation of  success. 

If  thb  character  shows  a  tendency  to  follow  this  modification  of 
the  simple  law  the  questioil  as  to  why  it  does  not  do  so  is  very  a  propos. 
The  fact  that  every  effort  was  made  to  keep  environmental  influences 
uniform  and  the  further  fact  that  different  batches  of  eggs  from  the 
same  mating  but  reared  in  different  dishes  showed  practically  the 
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same  percentage  of  abnormality  convince  me  that  environmental 
influences  are  not  the  disturbing  factor.  Granting  that  normality  is 
the  extreme  of  fluctuating  abnormality  we  perhaps  have  a  partial 
explanation,  for  then  if  both  wings  were  so  slightly  abnormal  that  I 
could  not  detect  it  with  the  aid  of  a  lens  I  would  call  it  normal.  This 
condition,  however,  if  it  follows  the  usual  law  of  fluctuating  varia- 
bility would  be  far  too  rare  to  help  us.  The  idea  of  the  contamina- 
tion of  the  gametes  fails  also,  for  example,  in  the  matings  of  wild 
normal  with  abnormal.  Most  of  the  wild  normals  could  scarcely  be 
contaminated  with  abnormal  considering  the  rarity  of  the  abnormal- 
ity in  nature.  We  are  forced,  it  seems  to  me,  to  believe  that  the  alle- 
lomorph making  for  abnormality  varies  in  its  potency  in  both  sexes, 
but,  due  to  differences  in  the  metabolisms  of  the  two  sexes,  tends  to 
be  more  effective  in  the  one  than  in  the  other.  Recall,  in  this  con- 
nection, the  black  feathers  in  the  female  offspring  of  white  chickens  X 
black.  While  in  Drosophila  abnormality  is  usually  recessive  it  is  not 
always  dominated;  in  some  families  far  from  it.  And  while,  when 
pure  in  the  germ,  it  usually  succeeds  in  making  the  wing  abnormal 
it  often  faib,  sometimes  only  on  one  side,  sometimes  on  both.  The 
bilateral  asynunetry  could  be  easily  understood  if  we  consider  that  in 
its  struggle  with  normality  the  abnormality-producing  factor  meets 
with  varying  success.  The  fact  that  wild  normal  X  wild  normal 
gives  only  normal  (these  matings  are  not  entered  in  Table  IV)  and 
that  certain  of  the  matings  (see  Table  IV)  between  two  normals 
having  abnormal  ancestors,  give  no  abnormal,  t.  e.,  they  are  pure 
dominants  and  there  is  no  abnormality-producing  allelomorph  to 
manifest  varying  potency  —  these  facts  also  are  in  favor  of  this  idea. 
Crioceris  seems  to  be  a  similar  case  but  not  so  extreme.  Fantail 
pigeon  X  straight-tail  may  be  another  case  but  more  extreme,  the 
fan-tail  allelomorph  being  relatively  so  weak  that  it  never  again  man- 
ifests itself.  Dr.  Geo.  H.  Shull,  in  talking  this  thing  over,  suggested 
that  the  balancing  of  potencies  might  be  the  explanation  of  the  ap- 
parent failure  of  xenia  in  the  cross  between  flint  and  dent  com.  In 
xenia  the  male  nucleus  meets  an  endosperm  nucleus  made  up  of  two 
nuclei  from  the  female.  When  one  dent  allelomorph  meets  one  flint, 
as  in  the  fertilization  fusion,  it  is  dominant,  but  it  is  conceivable  that 
it  should  be  so  slightly  so  that  when  it  meets  two  as  in  the  endosperm 
it  is  overpowered  and  only  the  character  of  the  mother  plant  shows  in 
the  endosperm.  The  cytologists  ought  to  tell  us  whether  or  not 
xenia  does  occur  in  this  cross. 

I  am  sorry  that  I  cannot  devise  any  test  to  absolutely  prove  the 
truthfulness  of  this  idea  but  it  appeab  to  ^pe  very  strongly.  I  do  not 
believe  it  is,  in  reality,  a  step  backward,  as  some  may  feel,  to  recogf- 
nize  a  varying  potency  of  allelomorphs  in  both  sexes  and  when  pure, 
any  more  than  it  was  when  it  was  proven  that  there  is  a  sexual  vari- 
ation in  potency.    By  selection  it  may  be  possible  to  get  a  strain  in 
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which  the  abnormality-producing  allelomorph  is  always  strong 
enough  to  overcome  normality.  I  think  I  now  have  such  a  strain 
but  as  it  is  only  three  generations  old  I  cannot  be  certain. 

In  conclusion,  this  abnormality  gives  evidence  of  obeying  the 
spirit  of  the  Mendelian  law  but  pays  little  attention  to  the  letter  of 
the  simple  law  or  any  of  the  modifying  clauses  I  have,  as  yet,  tried, 
except  the  idea  of  the  varying  potency  of  the  abnormality-producing 
factor  in  its  "struggle"  with  normality,  —  the  struggle  being  in  the 
soma,  not,  I  would  say,  in  the  germ. 
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INFLUENCE   DU  PfiRE  DANS  L^H£R£DIT£  DES 
CARACTllRES  DU  PELAGE  CHEZ  LES  LATINS 

GUSTAVE  LOISEL 

Nous  nous  somines  propose  ici  de  rechercher  d'abord  si  le  procr6- 
ateur  male  a  une  part  d'influence  particuli^re  dans  la  descendance  et 
ensuite,  de  determiner  Tinfluence  que  ce  procr^teur  pent  avoir  sur  le 
retour  des  caract^res  mendeliens  dans  les  hybrides  ^  de  deuxi^me  et 
troisi^me  generation. 

A.  Premidre  serie  d'experiences.  —  Laptm  de  race  ordinnire 
gris  et  de  race  angora,  (a)  Lapine  de  race  ordinaire  grise  accoupl^ 
avec  un  lapin  angora  albinos.  Le  croLsement  entre  une  lapine  de  race 
ordinaire  de  couleur  gris-blane,  ag^e  de  deux  ans,  et  un  lapin  angora 
albinos,  nous  a  donne,  en  3  port^es,  26  petits  qui  ressemblaient  tous 
k  la  m^re  par  la  couleur  grise  du  poil  et  les  yeux  noirs.  lis  avaient 
du  pfere,  la  longueur  du  poil  qui  devint  cependant  plus  ou  moins 
long  selon  les  individus ;  tous  avaient,  aux  pattes,  les  brosses  a  longs 
poils  du  p^re. 

(6)  Lapine  angora  blanche  accoupl^e  avec  un  lapin  de  race  ordi- 
naire gris.  Le  croisement  entre  une  lapine  angora  blanche  et  un 
lapin  de  race  ordinaire  gris,  age  de  14  mois,  nous  a  donne,  en  3  portees, 
9  petits  qui  avaient  tous  le  pelage  gris  et  court  du  pfere. 

Cette  premiere  serie  d'experience  n'a  pu  etre  continuee.  Celle 
qu'elle  se  presente,  elle  semblerait  montrer  que  la  dominance  de  la 
couleur  grise,  observee  ici,  est  due  a  la  race  et  non  au  sexe.  Pour  ce 
qui  concerne  la  longueur  du  poil,  au  contraire,  ce  dernier  caract^re 
s'est  montre  dominant  seulement  quand  il  etait  porte  par  le  pfere,  11 
s'est  montre  recessif  quand  il  a  ete  transmb  par  la  mfere. 

B.  Deuxi^me  s6rie  d 'experiences.  —  Latins  de  race  ordinaire 
gris  et  lapins  de  race  russe. 

Nous  avons  repris  les  recherches  precedentes,  en  1904,  dans  des 
conditions  meilleures  qui  nous  permettent  de  continuer  encore  au- 
jourd'hui  les  memes  experiences.  Le  nombre  des  portees,  obtenues 
jusqu'a  maintenant  nous  apporte  deja  des  donnees  nouvelles  et  im- 
portantes  sur  la  question. 

Nous  avons  choisi,  comme  grand-parents,  deux  individus  de  race 
pure :  un  m&le  (n*^  1)  de  race  ordinaire,  de  pelage  entiferement  gris  avec 
une  etoile  frontale  blanche,  et  une  femelle  (n*^  2)  de  race  russe,  c'est-^ 
dire  presentant  des  yeux  rouges  et  un  pelage  entiferement  blanc,  sauf 

>  Nous  employons  le  mot  hybride  dana  le  sens  g^n^ral  qu'on  lui  donne  au- 
jourd'hui. 
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les  extr^mit^  du  museau  et  des  oreilles,  la  queue  et  les  pattes  qui 
sont  noires. 

Aprfes  avoir  ^t^  accoupl^s,  de  part  et  d'autre  avec  d'autres  indi- 
vidus  de  leur  race  pour  verifier  la  puret^  de  leurs  caractferes,  ces  deux 
grand-parents  ont  6t6  accoupl^s  ensemble  et  nous  ont  donn^,  le  15 
d^cembre  1904,  neuf  petits  hybrides  (premifere  g^n^ration).  Tous 
^taient  de  la  race  du  p4re,  mais  leur  sexe  et  la  couleur  de  leur  pelage 
se  d^composait  ainsi : 

3  femelles  grises  avec  ^toile  frontale  (F.g.  3,  6  et  8) ; 

3  males  noirs  avec  ^toile  frontale  (M.n.  4,  5  et  7) ; 

3  mkles  grb  avec  ^toile  frontale  (M.g.  9,  10  et  11). 
Nous  devons  tout  d'abord  faire  remarquer  la  presence  de  ces  lape- 
reaux  noirs  provenant  d'une  melange  de  gris  (pfere)  et  de  blanc  (mfere). 
C'est  Ik  un  r^sultat  que  nous  avons  obtenu  plusieurs  fois  d6jk  en 
accouplant  des  lapins  sauvages  et  des  lapins  albinos  ordinaires  d'une 
part  et  de  lapins  sauvages  et  des  albinos  angora  d'autre  part;  tou- 
jours,  dans  une  ou  plusieurs  port^  obtenues  dans  ces  conditions, 
nous  obtenions  un  ou  plusieurs  petits  a  pelage  noir. 

Les  mUes  gris  9  et  11  de  notre  experience  actuelle  meurent;  les 
autres  deviennent  adultes.  J'accouple  alors  les  trois  femelles  grises 
chacune  avec  un  des  trois  mkles  noirs  correspondants,  puis  apr^  avoir 
obtenu  un  certain  nombre  de  reproductions  avec  ces  procr^ateurs,  je 
remplace  altemativement  un  des  mkles  noirs  par  le  mMe  gris  n^  10 
et  vice-versa.  Voici  alors  le  detail  des  port^es  d'hybrides  de  deuxifeme 
generation  que  j'obtiens  dans  ces  conditions  diverses. 
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B  —  Detcendanee  de  lafemelie  grite,  lf>  8 
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C  —  Descendance  de  lafemelie  griae,  N^  S 
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II  faut  attendre  la  fin  de  ces  experiences  que  nous  comptons  pour- 
suivre  jusqu'Jt  la  mort  naturelle  des  procr^ateurs  hybrides  de  pre- 
miere generation,  pour  essayer  d'interpreter  les  chiffres  ci-dessus. 
li'on  doit  remarquer  pourtant,  dans  la  descendance  B,  le  changement 
brusque  qui  se  produit,  k  partir  du  13  mars,  dans  la  proportion 
plus  grande  des  enfants  porteurs  du  caract^re  r^gressif  nisse.  Ce 
phenom^ne  est-il  du  k  Tinfluence  du  nouveau  m&le,  k  une  l^g^ 
blessure  et  k  un  surmenage  passager  que  la  femelle  n**  6  avait  eu  ^ 
subir  precis^ment  au  commencement  du  mois  precedent,  ou  ^  toute 
autre  cause  ?    C'est  ce  que  nous  verrons  peut-6tre  par  la  suite. 

Si  nous  r^sumons  maintenant,  par  des  chiflfres  globaux,  les  donn^ 
des  experiences  pr^cedentes,  nous  voyons  que: 

Le  male  noir,  n*^  7,  a  donne  avec  la  femelle  grise,  n**  6,  en  (fe 
portees,  67  petits  (35  6  et  32  9).    Cette  descendance  compend: 


31  petits  de  couleur  noire 
22  "  "  "  grise 
14      "      "        "        blanche 


17  6  et  14  9 

10  6  et  12  9 

8  a  et    6  9 


Le  m&le  noir,  n*^  5,  a  donne,  avec  la  femelle  grise,  n®  6,  en  six 
portees,  48  petits  (27  6  et  21  9).    Cette  descendance  compend: 

20  petits  de  couleur  noire        :  12  6  et    8  9 

19      "      "        "        grise         :  11    a  et    8  9 

9      "      "        "        blanche    :    4  6  et    5  9 
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Le  mMe  noir,  n**  4,  a  donn^  avec  la  femelle  grise,  n®  3,  en  neuf 
polices,  56  enfants  (27  6  et  29  $).    Cette  descendance  compend: 

20  petits  de  couleur  noire  :  11  6  et  9  9 
23  "  "  "  grise  :  9  6  et  14  9 
13      "      "        "        blanche    :    7  6  et    6  9 

Ces  trob  mkles  noirs  ont  done  produit,  dans  leur  ensemble: 

71  petits  noirs  :  40  i  et       31   9 

64      "      gris  :  30  5  et       34  9 

36      "      Wanes  (russes)    :^  6  et      J7  9 

soit    171  petits  en  89  males  et  82  femelles. 

Nous  voyons  done  qu'ici  la  proportion  d'enfants  portem^  du  carac- 
tfere  r^cessif  de  la  grand-mfere,  c'est  k  dire  les  petits  au  pelage  de  la 
race  russe,  est  le  cinqui^me  du  nombre  total.  Nous  avons  remarqu^, 
en  outre,  que  chez  ces  hybrides  porteurs  du  caractfere  r^cessif ,  surtout 
ceux  du  m&le  n^  5,  le  caract^re  russe  n'^tait  pas  pur;  tons  avaient 
bien  les  yeux  rouges,  le  fond  blanc  du  peli^  et  les  tache  noires  carac- 
t^ristiques  des  lapins  russes,  mais  Textr^me  pointe  des  poib  du  dos  et 
de  la  iibte  ^taient  gris.  (Cette  coloration  particuli^  a  toujours  dis- 
paru  jusqu'ici  d^que  nos  lapins  arrivaient  k  Tllge  adulte;  Us  pr^sen- 
taient  dors  le  type  russe  pur.) 

Si  nous  envisageons  maintenant  la  descendance  du  mMe  gris  n^ 
10,  frfere  des  pr^c^dents,  nous  voyons  qu'il  n'a  jamab  donn^  jusqu'ici, 
avec  les  trois  femelles  grises,  que  des  enfants  ordinaires  de  couleur 
grise  ou  de  race  russe;  sa  descendance  n'a  jamais  montr^  d' enfants 
noirs. 

En  9  port^,  ce  m&le  gris  a  produit  62  petits  (28  6  et  34  9 ).  Cette 
descendance  comprend : 

0  petits  de  couleur  noire 

42      "      "        "        grise  :  19  6  et  23  9 

20      *'      "        "        blanche  (russe)    :    9  6  et  11   9 

Nous  voyons  qu'ici  la  proportion,  dans  la  descendance,  d'enfants 
porteurs  du  caractfere  r^cessif  russe,  est  beaucoup  plus  grande  qu'avec 
les  mUles  noirs;  elle est  le  tiers  du  nombre  total  alors  que,  dans  les  cas 
pr^c^ents,  elle  en  repr^sentait  seulement  le  cinquifeme.  De  plus  ces 
hybrides  porteiu^  du  caractfere  recessif  ont  toujours  presents  le  type 
russe  dans  toute  sa  purete. 

En  sonmie  cette  seconde  s^rie  d'exp^riences  qui  a  porte  jusqu'ici 
sur  un  ensemble  de  241  individus,  semble  bien  montres  que  le  pro- 
cr^ateur  md^le,  non  seulement  determine,  pour  sa  part,  les  caract^res 
d'une  partie  de  la  descendance,  mais  encore  qu'il  modifie,  dans  une 
mesure  qui  paratt  pouvoir  etre  pr^is^,  la  transmission  h^reditaire 
des  caractferes  recessifs  des  grands-parents. 
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Section  V.    EMBKYOLOGY  AND  EX- 
PERIMENTAL ZOOLOGY 


THE   FCETAL  MEMBRANES   OF  THE  VERTEBRATES 

(Address) 
A.  A.  W.  HUBKECHT 

Ladies  and  gentlemen  :  I  was  honored  by  the  request  of  the 
Executive  Committee  to  present  an  address  to  the  first  meeting  of 
thi§  section  of  the  Seventh  International  Zoological  Congress. 

I  have  great  pleasure  in  following  this  invitation,  and  I  hope  Aat 
in  choosing  for  my  subject  the  present  state  of  our  knowledge  con- 
cerning the  foetal  membranes  of  vertebrates  I  can  avoid  the  disadvan- 
tages of  too  much  special  detail,  and  can  at  the  same  time  call  your 
attention  to  the  fact  that  these  foetal  membranes  oflFer  a  very  wide 
field  for  theoretical  speculation,  that  may  in  its  turn  influence  our 
views  concerning  certain  important  phylogenetic  problems. 

The  foetal  membranes  of  vertebrates  are  known  to  occur  in  reptiles, 
birds  and  mammals.  The  embryological  handbooks  tell  us  that  they 
are  absent  in  amphibians  and  fishes. 

In  consequence,  a  primary  subdivision  of  the  vertebrates  has  been 
instituted,  those  with  foetal  membranes  being  classed  as  Amniota 
allantoidea,  those  wiihoud  them  as  Anamnia  anallantoidea.  From 
this  nomenclature  any  close  observer,  even  when  he  is  not  a  zoologist, 
may  safely  conclude  that  one  of  the  foetal  membranes  carries  the  name 
of  amnion,  the  other  the  name  of  allantois.  An  older,  now  more 
obsolete,  subdivision  into  Achoria  and  Choriata  reveals  the  presence 
of  a  third  membrane,  the  chorion,  about  which  we  will  have  more  to 
say  hereafter,  and  which  will  explain  how  this  third  membrane  came 
to  fall  —  so  to  say  —  between  two  stools,  when  the  division  into 
Amniota  and  Anamnia  was  estaUtshed. 

If  we  now  take  into  account  that  neither  chorion  nor  amnion  nor 
allantois  was  ever  detected  in  fishes  or  in  amphibians,  then  we  must 
recognize  that  the  problem,  how  these  foetal  membranes  of  the  verte- 
brates did  arise,  is  one  well  worthy  of  full  consideration. 

Up  to  now  attempts  to  explain  their  gradual  evolution  have  utterly 
failed.    So,  for  example,  the  suggestion  of  van  Beneden  and  others 
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that  the  amnion  as  a  protectiye  membrane  arose  in  consequence  of 
the  early  embryo  sinking  into  the  yolk  sac,  which  ck)sed  up  above  it, 
has  long  since  been  abandoned.  Also  HaeckeFs  idea  that  the 
allantois  arose  by  a  precocious  segregation  of  the  urinary  bladder 
of  an  early  amphibian  which  took  the  habit  of  carrying  blood- 
vessels, at  a  very  early  stage,  to  the  outer  wall  of  the  blastocyst, 
must  be  dropped  by  all  who  object  to  predestination  in  evo- 
lutionary processes.  Whenever  an  explanation  offers  itself  which 
does  afford  a  clue  to  a  more  logical  sequence  of  events,  it  should  be 
preferred. 

And  turning  finally  to  the  outer  layer,  the  chorion,  who  can  be 
satisfied  with  the  lame  explanation  that  the  appearance  of  this  mem- 
brane is  a  necessary  sequel  to  the  formation  of  the  amnion,  which  we 
find  inside  of  it,  and  which  later,  in  so  many  orders  of  mammals, 
never  even  arises  by  folds,  which,  however,  in  flieir  turn  are  necessary 
to  ^cplain  the  chorion's  appearance  ? 

Ine  subsidiary  explanation  of  all  the  three  embryonic  envelopes, 
which  I  am  going  to  offer  you  on  this  occasion,  seems  to  me  to  have  the 
great  advantage  of  simplifying  matters;  especially  in  this  sense,  that 
henceforth  we  can  link  them  all  three  to  one  simpler  and  earlier  stage 
(which  must  have  preceded  in  the  Carboniferous  and  in  earlier  geolo- 
gical epochs)  without  having  to  look  for  incipient  stages  of  any  of 
them  among  our  present  ichthyopsids.  Nay,  we  may  even  say  that  of 
this  earlier,  archaic  starting-point  evident  traces  have  been  preserved 
in  the  teleostomes,  the  dipnoi  and  the  amphibians,  so  that  we  will 
have  to  reconsider,  most  seriously,  whether  it  will  be  wise  to  go  on 
subdividing  the  vertebrates  into  the  two  subdivisions  of  those  that 
Iiave  and  those  that  have  not  the  foetal  envelopes  above  mentioned. 

Now  let  us  consider  the  facts  as  they  present  themselves  to  us, 
when  we  want  to  test  the  question  whether  one  single  original  foetal 
envelope  could  not  after  all  be  at  the  bottom  of  the  three  complicated 
involucra  we  have  just  mentioned.  As  far  as  I  can  see,  we  are  only  in 
need  of  this  one  assumption  that  an  invertebrate  ancestor  was  pos- 
sessed of  what  we  call  an  exterior  larval  layer  (such  as  are  not  uncom- 
mon among  different  worms,  and  as  we  find  them,  with  certain  further 
complications,  in  some  arthropods),  to  be  able  to  explain  how  in  their 
vertebrate  descendants  chorion,  amnion  and  allantob  gradually  came 
into  being. 

Part  of  this  hypothetical  assumption  we  see  actually  repeated  under 
our  eyes  wherever  one  of  the  mammals  goes  through  its  normal  stages 
of  development. 

We  find  that  the  cell-material  out  of  which  the  embryo  is  going  to 
be  built  up  b  surrounded  by  an  expanded  cell-layer  which  takes  no 
part  whatever  in  the  composition  of  the  future  embryo.  Here  we 
actually  have  our  single  larval  layer  that  will  be  stripped  off  later,  and 
that  surrounds  what  are  going  to  be  the  formative  cells. 

In  all  mammab  it  b  thb  very  larval  layer  which  will  become 
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the  outer  wall  of  the  blastocyst,  what  we  have  above  called  the 
chorion. 

But  before  followmg  it  in  its  further  transformations,  we  have  to 
ask  ourselves,  what  can  be  the  reason  that  this  outer  larval  layer,  this 
trophoblast,  is  so  far  away  from  the  formative  ceUs  of  the  embiyo 
which  adhere  to  it  only  at  one  point  ? 

We  have  only  to  recall  the  fact  of  the  pilidium  larva,  in  ^diich 
similarly  the  distance  between  the  outer  layer  and  the  cell-material 
which  is  going  to  be  the  new  worm  is  also  very  considerable,  to  remove 
the  objection  that  in  this  respect  mammals  would  stand  isolated.  And 
we  may  go  one  step  further  and  say  that  it  is  easy  to  understand  why 
this  considerable  extension  of  the  outer  larval  layer  has  come  into 
existence.  When  we  look  back  along  the  line  of  phylogenetic  descent 
we  can  imagine  that  at  the  period  when  for  the  first  time  aquatic 
animals  became  inhabitants  of  the  land,  four-footed  instead  of  four- 
finned,  and  adapted  for  aerial  breathing  in  addition  to  their  respira- 
tion by  the  aid  of  gills,  it  may  have  been  a  great  advantage  to  them  to 
become  viviparous  at  the  same  time,  i.  e.  to  keep  their  developing  ^gs 
inside  of  them,  where  they  are  better  protected  and  can  be  better 
nourished  than  outside  of  the  mother.  The  atmosphere  and  the  dry 
land  oflFer  less  favorable  conditions  for  the  development  of  that  small 
amount  of  protoplasm  that  forms  the  primordium  of  each  new  being 
than  does  the  water,  and  so  viviparity  is  likely  to  have  been  a  parallel 
phenomenon  to  the  exchange  of  the  aquatic  for  the  terrestrial 
existence. 

We  can  see  clearly  that  once  an  embryonic  envelope,  one  cell- 
layer  thick,  being  present  (on  our  original  assumption,  as  far  back  as 
the  invertebrate  ancestor),  that  this  one  layered  larval  envelope  could 
obtain  high  eflBciency  for  the  incipient  viviparity  if  only  it  bulged  out 
as  much  as  possible,  thereby : 

(1)  Preventing  the  egg  from  passing  through  the  genital  ducts 
rapidly  and  being  deposited,  so  to  say,  accidentally. 

(2)  Enabling  the  egg  to  adhere  in  various  ways  to  the  maternal 
tissues,  either  as  a  simple  mechanical  improvement  of  what  was 
attained  (1),  or  at  the  same  time  inducing  phagocytotic  attacks  on  that 
maternal  tissue. 

(3)  Creating  the  occasion  for  individual  trophoblast  cells  of  this 
outer  layer  to  absorb  fluids  either  from  the  uterine  cavity  or  accessory 
to  the  phagocytic  processes  alluded  to  imder  (2),  and  thus  accumulat- 
ing nutritive  material  inside  the  blastocyst. 

Furthermore,  it  is  equally  clear  that,  once  the  viviparity  having  becQ 
established,  and  the  surface  extension  of  the  trophoblast  going  parallel 
with  it,  a  yet  more  efficient  mode  of  nutrition  than  the  one  alluded  to 
above  under  (3)  might  be  obtained  if  the  embryonic  vascular  system, 
which  was  slowly  coming  into  existence  on  the  hereditary  plan  of 
development,  succeeded  in  spreading  out,  in  one  way  or  another,  on 
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this  outer  trophoblastic  layer,  and  would  enter  into  osmotic  interchange 
with  maternal  blood. 

Finally,  the  protection  of  the  embryonic  shield  during  its  further 
development  by  some  sort  of  appliance  resembling  a  water  cushion 
would,  in  these  incipient  viviparous  animals,  undoubtedly  have  been 
a  most  efficient  variation,  for  the  earliest  origin  of  which  we  have  simply 
to  go  back  to  the  early  stage  in  which  we  noticed  the  formative  cells 
of  the  embryo  adhering  to  the  larval  layer,  the  trophoblast,  in  one 
spot  only.  Suppose  that  in  further  development  this  sessile  attach- 
ment to  have  become  converted  into  a  circular  adhesion,  —  by  fluid 
accumulating  between  the  trophoblast  cells  and  the  formative  cells, 
as  we  see  it  happen  under  our  eyes  in  Erinaceus  and  Gymnura,  —  we 
then  find  that  the  water-cushion,  in  casu  the  amnion,  took  its  origin  in 
a  most  simple  fashion,  whereas  the  chorion  is  in  no  way  dependent  on 
it,  but  has  preceded  it  as  an  earlier  formation. 

The  rapid  summary  here  given  shows  us  that  the  assumption  of  a 
single  monodermic  larval  layer  is  quite  far-reaching  enough  to  allow 
us  to  imderstand  how,  out  of  it,  chorion,  amnion  and  allantois  (the 
latter  as  representing  one  form  of  early  vascularisation  of  the  tropho- 
blast) have  gradually  come  about. 

The  only  change  we  have  to  make,  in  what  I  might  designate  the 
present  "fashion"  in  comparative  embryology,  is  that  we  look  upon 
the  earliest  ancestors  of  mammals  not  as  oviparous,  yolk-laden  verte- 
brates, but  that  we  acknowledge  them  to  have  been  viviparous  animals 
with  blastocysts  that  obtained  vesicular  shape  from  quite  other  motives 
than  an  eventual  "loss  of  yolk,"  such  as  Rabl  has  attempted  to  prove. 

Here,  then,  is  the  place  for  an  appeal  to  palaeontologists.  They  have 
no  shadow  of  direct  interest  in  foetal  envelopes  which  are  never  met 
with  in  the  fossil  condition  I  But  they  may,  nevertheless,  be  all  the 
more  impartial  judges  when  we  have  to  choose  between  two  different 
assumptions.  The  one  given  in  the  handbooks,  according  to  which 
mammals  must,  through  the  Omithodelphia,  be  derived  from  some 
oviparous  sauropsidian  ancestor,  or  the  one  here  advocated,  according 
to  which  a  viviparous  Protetrapod,  provided  with  an  adhesive  and 
distending  larval  layer  diverged  into  various  directions,  some  of  the 
descendants  utilizing  the  conditions  of  growth  and  development  (such 
as  they  find  them)  with  the  highest  degree  of  intensity  and  becoming 
primates,  others  applying  their  trophoblast  to  nutritive  purposes  in 
more  diverse  and  less  direct  ways  becoming  the  ancestors  of  most  of 
our  other  Monodelphia  and  Didelphia.  Others,  again,  going  a  certain 
distance  with  the  preceding,  but  then  acquiring  yolk-laden  eggs 
(Omithodelphia),  whilst  yet  other  very  effective  branchings  off  m 
various  directions  gave  rise  to  the  primitive  sauropsidian  ancestors. 

The  difference  between  the  sauropsidian  and  the  amphibian  de- 
scendants of  the  protetrapods  need  no  longer  be  so  incisive  —  as  those 
Zoologbts  that  divide  the  Vertebrates  into  Amniota  and  Ananmia 
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would  make  it.  The  hypothesis  here  brought  forward  proposes  to 
look  upon  what  we  know  as  the  Deckschickt  of  the  early  larval 
Amphibia  and  Dipnoi,  and  even  of  the  teleostomes,  as  a  last  remnant 
of  the  very  larval  layer  from  which  we  started  in  trying  to  explain  the 
foetal  membranes  of  vertebrates  according  to  what  seems  to  me  a 
simple  plan. 

We  have  now  to  look  a  little  closer  into  certain  details  by  which  we 
may  be  enabled  to  judge  of  the  greater  or  smaller  degree  of  tenability 
of  some  of  the  views  here  brought  forward. 

We  notice  that  all  the  IVIammalia-monodelphia,  that  have  up  to  now 
been  observed  in  very  early  stages,  fully  confirm  the  strong  antithesis 
which  in  those  early  stages  prevails  between  the  trophoblast  and  the 
embryonic  cells  strictiori  sensu.  We  also  notice  this  in  the  Didelphia, 
as  far  at  least  as  Selenka's  figures  for  the  opossum  go,  although  he  him- 
self has  not  interpreted  the  facts  he  brought  to  light  in  the  same  way 
as  I  do.  Similarly  Wilson  and  Hill  in  their  latest  paper  on  the  develop- 
ment of  the  duck-bill  give  us  figures  of  sections  which  make  it  probable 
that  the  distinction  between  trophoblast  and  formative  cells  holds 
good  here,  even  though  the  development  of  yolk  has  obliterated  the 
sharp  outlines  of  the  process. 

Again,  in  reptiles  and  birds  traces  of  the  larval  layer  have,  m 
later  years,  been  unmistakably  noticed.  Schauinsland,  Mitsukuri 
and  Mehnert  were  among  the  foremost  to  contribute  facts  in  this 
direction,  although  at  the  same  time  they  failed  to  see  the  essential 
points  of  comparison  with  the  mammals.  This  failing  on  their  part  is 
all  the  more  explicable  as  the  birds-egg,  which  has  always  served  as  the 
prototype  even  of  mammalian  development,  does  not  clearly  bring  out 
the  fundamental  distinction  that  exists  between  trophoblast  and  forma- 
tive matter  of  the  embryo. 

The  gradual  obliteration  of  this  distinction  may  perhaps  be  ascribed 
to  the  fact  that  in  these  sauropsids,  as  in  the  omithodelphia,  a  shell 
has  developed  which  naturally  tends  to  relegate  any  outer  larval  layer 
to  the  pension-list. 

Concerning  the  yolk  accumulation  in  the  sauropsidian  egg,  there 
is  no  trouble  at  all  to  suppose  that  the  vesicular  blastocyst  of  an  early 
viviparous  ancestor  has  gradually  become  yolk-laden.  The  contrary 
assumption,  found  in  the  handbooks,  that  the  mammalian  egg,  while 
totally  losing  its  yolk,  has  yet  preserved  the  identical  developmental 
features  as  the  sauropsid,  is  in  reality  much  more  difficult  to  recon- 
cile with  sound  evolutionary  principles. 

We  have  seen  that  a  simple  clue  to  our  understanding  of  the  com- 
plicated foetal  envelopes  of  the  sauropsids  and  the  mammalia  is  the 
assumption  of  a  simple  larval  layer,  one  cell  thick,  among  the  inverte- 
brate ancestors. 

We  must  be  ready  to  admit  that  this  one  factor  has  undoubtedly 
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given  rise  to  an  endless  number  of  variations  and  modifications  in 
those  innumerable  families,  genera  and  species  which  have  come  and 
have  gone,  ever  sidce  the  time  when  viviparity  and  terrestrial  life  be- 
came an  established  fact  in  the  vertebrate  kingdom.  What  is  pre- 
served to  us  in  the  recent  fauna  inhabiting  tbas  planet  is  only  the 
faintest  echo  of  the  multitudinous  and  protean  changes  that  have,  dur- 
ing the  course  of  time,  succeeded  one  another.  And  it  has  been  our 
mistake  to  attempt  to  coordinate  the  present  stages  of  development 
with  each  other  in  such  a  sense  that  they  were  expected  to  represent, 
in  lineary  arrangement^  the  successive  evolutionary  stages  of  those 
foetal  envelopes. 

How  false  the  conclusions  may  be  to  which  this  method  may  lead 
us  is  best  exemplified  by  what  is  at  present  often  taught  concerning, 
e.  g.y  placentation,  a  phenomenon  ui  which  the  outer  larval  layer,  the 
trophoblast,  plays  such  a  prominent  part  You  will  find  in  the  text- 
books that  tins  was  started  by  what  is  called  the  diffuse  placentation 
as  it  is  at  present  met  with  in  many  ungulates,  in  the  lemurs  and  in 
certain  Edentates.  It  is  my  conviction  that  this  doctrine  is  utterly 
false.  The  diffuse  placentation  is  no  placentation  at  all  I  The  horse 
and  the  lemur  are,  by  birthright,  aplacental  animals,  much  more  so 
than  marsupials,  such  as  Perameles  and  Dasyurus,  which  have  hitherto 
ranked  among  the  Manmialia  aplacentalia.  And  still,  by  careful 
comparison  of  various  data,  we  can  soon   discover  that  the  diffuse 

!>lacentation,  and  that  variety  of  it  which  is  styled  the  polycotyledonary, 
ar  from  being  archaic  or  primitive  is,  on  the  contrary,  very  largely  a 
secondary  modification.  Among  the  living  Camivora  we  &id  several 
intermediate  stages,  not  in  the  sense  that  these  have  been  phylogenetic 
transitions,  but  in  that  wider  sense  that  these  Camivora  demonstrate 
the  possibility,  how  more  intricate  place^itary  structures  may  finally 
have  led  up  to  a  diffuse  placentation,  as  that  of  the  horse  and  the  pig, 
consequent  upon  an  increase  in  the  area  of  surface  contact  between 
mother  and  foetus.  What  was  originally  a  small  surface  of  intense 
interchange  (Procavia)  has  then  gradually  become  an  extended  sur- 
face along  which  two  epithelial  layers,  one  maternal  and  one  foetal, 
between  the  blood  of  the  mother  and  the  blood  of  the  embryo, 
offered  no  impediment  for  a  sufficient  interchange  of  nutritive  matter 
and  of  oxygen. 

If  we  do  not  accept  the  starting-point  in  the  placentation-process 
to  be  represented  in  the  ungulate  arrangement,  a  proposal  which  the 
systematic  position  of  the  Ungulata  would  in  itself  render  doubtful, 
we  must  then  look  for  another  phylogenetic  sequence  which  will  help 
us  to  rightly  interpret  that  momentous  process  of  placentation.  And 
here  the  important  results  of  Hill's  mvestigation  of  very  intense 
placental  phenomena  in  some  marsupials,  such  as  Perameles,  have 
great  weight. 

We  may  fairly  conclude  that  kangaroos,  phalangers,  oppossums 
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and  other   marsupials   have  only  gradually  become   aplacentary, 
parallel  to  those  other  formidable  changes  which  must  have  accom- 

BLuied  the  elaboration  of  that  peculiar  type  which  we  call  our  recent 
idelphia,  in  which  the  dentition,  the  lactation  and  those  adaptations 
of  the  new-bom  animals  for  nutrition  during  their  life  inside  the 
marsupium  form  such  distinctive  characters. 

And  so  if  the  Didelphia  are  in  reality  erratic  Monodelphia,  second- 
arily modified  and  with  an  allantois  that  has  been  thrown  out  of  the 
line  of  its  normal  development,  with  the  exception  of  Perameles, 
Dasyurus  and  in  part  Phascolarctos,  then  we  have  again  to  look,  not 
amongst  them,  but  amongst  the  Monodelphia,  for  such  forms  that  can 
give  us.  an  indication  as  to  what  may  have  been  the  primitive  stage  of 
placentation. 

And  I  may  here  state  that  my  own  researches  on  the  placentation 
of  both  primates  and  of  insectivores  have  led  me  to  the  conclusion 
that  we  should  look  in  quite  another  direction  than  the  one  alluded  to 
above,  which  starts  from  diffuse  placentation.  In  the  earlier  part  of 
this  address  I  have  considered  those  early  phylogenetic  stages  when,  in 
viviparous,  air-breathing  tetrapods,  the  larval  layer,  the  trophoblast, 
found  the  most  diverse  possibilities  open  to  it. 

I  believe  that  those  forms  of  which  the  embryonic  trophoblast 
actually  attacked  the  maternal  uterine  mucosa  phagocytically  were 
the  pioneers  towards  the  formation  of  what  has  later  become  the 
discoid  placenta.  In  some  forms,  even  among  our  recent  manmials, 
that  phagocytic  attack  is  combined  with  a  penetration  of  the.  whole 
blastocyst  inside  the  maternal  tissue,  e.  g,  man,  anthropomorphse, 
hedgehog,  gynmura,  and  many  rodents.  This  was  naturally  a  far 
higher  position  of  vantage  than  any  peculiar  fixation  inside  the  lumen 
of  the  uterus,  for  now,  when  once  the  blastocyst  was  encapsuled 
inside  its  mother's  tissues,  it  could  be  most  thoroughly  bathed  in 
maternal  blood  without  any  extravasation  into  the  uterine  lumen. 
To  take  three  examples  of  this  we  may  allude  to  the  guinea-pig,  the 
hedgehog  and  man.  Still  all  these  utilize  the  favorable  conditions 
offered  to  them  thanks  to  their  situation  inside  a  capsula  or  decidua 
capsularis,  in  a  very  different  manner. 

There  is  a  most  remarkable  amount  of  similarity  between  the 
hedgehog  and  man,  as  far  as  the  conditions  are  concerned,  which  the 
mother  offers  to  the  young.  But  then  the  embryo  itself  of  man  has 
seen  its  way  to  much  more  intense  utilization  of  these  favorable  con- 
ditions than  the  hedgehog-embryo  has.  Principally  because  the 
vascular  system  of  the  hedgehog  develops  in  a  sequence  of  stages 
which  serve  to  bring  its  area  vasculosa  on  the  umbilical  vesicle  in 
primary  contact  with  the  profusion  of  maternal  blood  by  which  the 
olastocyst  is  surrounded. 

On  the  contrary,  in  man  this  area  vasculosa  on  the  umbilical 
vesicle  is  not  in  contact  at  all  with  the  maternal  circulation.    In  man 
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it  is  more  devoted  to  hsematopoletic  functions,  i.  e.  to  the  formation  of 
new  bloodcorpuscles  for  the  embryonic  circulation.  But  in  another 
respect  the  human  blastocyst  has  got  far  ahead  of  that  of  the  hedgehog 
in  so  far  as  the  developing  embryo  has  succeeded  in  vascularizing  its 
outer  larval  layer,  its  trophoblast,  at  a  quite  exceptionally  early 
moment,  without  the  aid  of  any  allantoic  outgrowth,  and  simply  in 
consequence  of  a  very  early  segregation  of  certain  portions  of  the 
mesoblast  into  which  the  entoderm  sends  both  bloodvessels  and 
bloodcorpuscles.  This  very  early  vascularization  of  the  trophoblast 
leads  to  a  most  intense  osmotic  interchange  between  the  blood  of 
mother  and  child;  far  more  intense  than  what  obtains  in  the  hedge- 
hog, where  an  omphaloidean  placentation  precedes  an  allantoidean 
one,  the  allantois  being  a  vesicular  outgrowth,  as  it  is  in  so  many 
mammals  and  in  all  sauropsids. 

I  cannot  refrain  from  looking  upon  the  vascularization  of  the  outer 
larval  layer  or  trophoblast,  such  as  it  occurs  in  man,  in  the  monkeys 
and  in  Tarsius,  as  the  more  primitive  arrangement  of  the  two.  And 
in  that  case  the  presence  of  a  connecting  stalk  (Haftstiel)8Lnd  the  ab- 
sence of  a  free  allantois  in  man,  monkeys  and  Tarsius  is  not  a  secondary 
simplication  but  a  primary  fact  of  high  importance.  What  is  known  as 
the  allantois  tube  inside  the  so-called  Haftstid  or  Bauchstid  of  man, 
monkeys  and  Tarsius,  is  not  the  remnant  of  what  was  once  a  vesicular 
allantois,  but  a  remnant  of  that  part  of  the  entoderm  which  has  served 
towards  the  vascularisation  of  the  trophoblast.  It  is  this  portion  of  the 
entodermal  surface  which  will  become  the  free  allantois  in  those  other 
descendants  of  the  primitive  tetrapods,  which  have  not  adhered  to 
the  very  direct  line  of  utilizing  most  fully  and  as  early  as  possible  all 
favorable  circumstances.  This  most  direct  line  leads  up  straight  to 
the  primates.  Less  direct  lines,  in  which  conditions  of  different  or  of 
slower  vascularization  have  come  to  the  foregroimd,  are,  however, 
represented  in  various  orders  of  monodelphian  mammals,  and  further 
in  the  Didelphia,  the  Omithodelphia  and  in  the  different  subclasses  of 
sauropsids.  In  the  latter  the  allantois  has  grown  to  the  dignity  of  a 
separate  foetal  membrane,  which  cooperates  to  the  further  ensheath- 
ing  of  the  developing  embryo  and  which  carries  the  bloodvessels  for 
respiratory  purposes  to  the  inner  surface  of  the  egg-shell.  Whereas, 
in  the  ancestral  viviparous  forms,  the  same  vessels  were  more  directly 
distributed  over  the  inner  surface  of  the  outer  embryonic  larval  layer, 
in  order  to  improve  the  nutritory  conditions  which  had  been  inaugu- 
rated by  phagocytic  action  of  the  trophoblast  cells  on  the  maternal 
tissues. 

This,  then,  is  a  short  sketch  and  a  rapid  review  of  how  the  foetal 
membranes  of  the  vertebrates  may  be  looked  upon  if  we  make  certain 
changes  in  the  interpretations  that  have  been  hitherto  adhered  to, 
but  by  which  latter  nobody  has  as  yet  succeeded  in  clearing  up  the 
actual  phylogenesis  of  these  foetal  membranes. 
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Full  and  extensive  investigations  of  all  those  numerous  gen^a  of 
mammals  that  have  not  yet  been  examined  will,  I  hope,  in  due  time 
give  us  occasion  to  complete  or  to  modify  the  views  here  advocated. 

It  was  a  great  pleasure  to  me  to  oflFer  them,  tentatively,  in  an  address 
which  I  was  invited  to  give  in  the  section  of  embryology  of  this  Seventh 
International  Congress,  —  a  section  which,  vdth  good  right,  has  been 
called  into  life  for  the  first  time  at  this  meeting  in  Boston.  Embi}'olo- 
gical  problems  have  been  attacked  by  American  investigators  with 
wonderful  results,  and  the  lucidity  of  exposition  that  is  characteristic 
for  so  many  of  your  embryological  workers  is  only  equalled  by  the 
beautiful  transparency  of  the  eggs  of  those  marine  animals  on  whidi 
so  many  important  researches  on  cell-lineage  have  been  conducted 

That  I  have  been  less  clear  is  not  only  a  congenital  defect,  but  it 
goes  parallel  vdth  the  utter  hopelessness  of  our  expecting  that  we  shall 
ever  be  able  to  follow  the  cdl-lineage  in  the  deeply  hidden  and  ex- 
ceedingly small  mammalian  eggs.  Still,  a  full  knowledge  of  that  veiy 
cell-lineage  would  be  eminently  decisive  for  many  of  the  questions 
that  have  occupied  us  in  the  course  of  this  address  to  which  you 
have  listened  with  so  much  patience. 
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KONNEN  Wm  DIE  FAKTOREN  UND  DIE  GESTAL- 
TENDEN  WIRKUNGSWEISEN  DER  TYPISCHEN 
ENTWICKLUNGSVORGANGE  DER  LEBEWESEN 
ERMITTELN? 

(Address) 

WILHELM  ROUX 

Herr  PRAsroENT :  Indem  das  Comity  des  Congresses  einen  der 
causalen  Forschung  dienenden  Arbeiter  mit  der  ErofTnungsrede  dieser 
Section  betraute,  gab  es  der  causalen  Forschung  auch  hier  das  Wort 
and  bekundete  weitsichtig,  dass  dieser  Richtung  ein  wesentlicher 
Anteil  neben  der  schon  lange  bestehenden  descriptiven  Forschungs- 
richtung,  welche  die  Gnindlage  der  Embryologie  geschaffen  hat, 
zuzuerkennen  ist. 

Beide  Richtungen  haben  in  diesem  Lande  hochbedeutende  Ver- 
treter;  insbesondere  haben  in  letzter  Zeit  viele  Forscher  dieses 
Landes  sich  der  causalen  Richtung  zugewandt  und  sie  in  kurzer  Zeit 
auf  das  Bedeutendste  gefordert,  sodass  die  Augen  der  biologischen 
Welt  hierher  gerichtet  sind,  und  dass  jede  Arbeit  der  E.  B.  Wilson, 
Morgan,  Loeb,  Davenport,  Harrison,  Conklin,  Child,  Jennings  u,  a., 
nebst  ihren  Schiilem  und  Schlilerinnen  mit  hohem  Interesse  begriisst 
wird. 

Das  in  den  beiden  letzten  Dezennien  Errungene  ist  bereits  so 
reich,  dass  in  der  mir  hier  nur  kurz  bemessenen  Zeit  nicht  einmal 
ein  annahernder  Ueberblick  iiber  die  Ergebnisse  moglich  ware. 

leh  sehe  daher  von  einem  solchen  ab  und  will  versuchen,  ein 
allgemeinstes  Thema  unserer  Wissenschaft  zu  behandeln,  namlich 
die  Frage:  Konnen  wir  die  Faktoren  und  die  gestaltenden  Wir- 
kungsweisen  der  typischen  Entwicklungsvorgange  der  Lebewesen 
ennitteln  ? 

Diese  Frage  schliesst  zwei  verschiedene  Unterfragen  ein :  Erstens : 
Konnen  wir  iiberhaupt  Faktoren  und  Vorgange  des  Grestaltungs- 
geschehens  der  Lebewesen  ennitteln  ? 

Zweitens:  Konnen  wir,  soweit  ersteres  moglich  ist,  die  typischen 
von  den  atypischen  Gestaltungsvorgangen  unterscheiden  und  die 
besonderen  Faktoren  des  typischen  Gestaltungsgeschehens  und  deren 
Wirkungsweisen  erkennen  ? 

Zunlichst  mlissen  wir  uns  einen  Ueberblick  Uber  das  verschafTen, 
was  zu  erforschen  ist.  Es  ist  daher  notwendig,  das  organische  Gre- 
schehen  zu .  charakterisieren  (s.  Roux  1892  a,  S.  431 ;  oder  1895, 
II  a  77;    1906  a). 
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1.  Das  Wesen  des  Lebens,  die  Lebensleistungen 

Die  typischen  (Jestalten  und  Strukturen  der  vielen  Species  von 
Lebewesen  werden  durch  typische  resp.  atypische,  aber  regulatorische 
Tatigkeit  von  allgemeinen  "Elementarfuiiktionen"  der  Lebewesen 
hervorgebracht. 

Daher  mtissen  wir  bei  unseren  Bestrebungen  von  den  Elementar- 
funktionen  ausgehen  und  eine  vollstandige  Uebersicht  derselben 
geben. 

Dieselben  sind : 

I.     L  Zerstorende  Selbstveranderung,  Autodissimilation. 
II.  Selbsterhaltung    des    Individuums   Autoconservatio  trotz 

dieser  Verandening,  durch 

2.  Selbstassimilation    (Autoassimilatio) :    a;   chemische   und 

b;  morphologische,  bis  zum 

3.  Selbstersatz   des   durch    1    Verbrauchten,   und   zeitweilig 

gesteigert,  bis 

4.  zum  Selbstwachstum. 

5.  Selbstbewegung,  Automatic:  innere  und  aussere  (locomo- 

torische)    und  Reflexbewegung,  und  zwar  msbesondere 
als: 

6.  Selbstaufnahme  und,  als 

7.  Selbstausscheidung. 

III.  Die  Selbstvermehning,  durch 

8.  die  Selbstteilung  und  durch 

9.  die  Vererbung. 

IV.  Dazu  kommt  noch  fiir  die  meisten  Lebewesen 

die  ontogenetische  Selbstentwicklung  (Autophanesis). 
Diese  ist  bewirkt  ausser  durch  die  gestaltend  wirkenden 
der  schon  genannten  Leistungen,  und  noch 
V.  13.   Die  Selbstregulation  (Autoregulatio)  in  der  Ausubung  aller 
Leistungen.     Sie  fiihrt  zur  voriibergehenden  oder  dau- 
ernden  Anpassung  und  zum  Ausgleich  von  Storungen.' 

*  Als  ich  vor  30  Jahren  danach  stnbte,  das  Wesen  des  Lebens  wenigstens  in 
seinen  Leistungen  m6glichst  zu  erkennen,  fuhlte  ich,  dass  mit  den  erstgenannten 
neun  ttberlieferten  Funktionen  (einschliesslich  der  hier  noch  nicht  erwfthnten 
seelischen  Leistungen)  das  Wesen  noch  nicht  vol!  erfasst  sei,  sondern  dass  noch 
etwas  sehr  Wesentliches,  die  Lebewesen  in  hohem  Masse  von  den  anderen  Natiu^ 
k5rpem  Unterscheidendes,  also  sie  Charakterisierendes  fehle.  Allm&lig  gewann 
ich  die  Einsicht,  dass  dies  noch  Fehlende  die  Anpassungsf&higkeit  an  den  Wechsd 
der  Umstande  sei,  und  zwar  eine  momentane,  rasch  vorQbereehende,  rein  funk- 
tionelle,  und  eine  dauemde  ^staltliche  (morphologische).  Ich  erkannte,  dass 
diese  beiderlei  Leistun^n  kerne  besonderen,  den  anderen  Elementarfunktionen 
gleichwertige  selbstftndige  Leistungen  sind,  sondem  dass  beide  bios  die  Selbst- 
regulation der  anderen  Funktionen,  erstere  der  Erhaltunffsfunktionen,  letztere 
der  Gestaltungsfunktionen  daretellen,  dass  also  die  ''Selbstregulation  in  der 
Vollziehung  aller  Funktionen"  das  noch  fehlende  CharakteristUaun  der  Lebe- 
Wesen  sei.  Das  Studium  der  Literatur  zeigte  dann,  dass  Herbert  Spencer  in 
seiner  Definition  des  Lebens  ab  f  eine  bestimmte  Kombination  ungleiohartiger, 
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10.  durch  die  specifische,  chemisch-physikalische  (gewebliche) 

Selbstdifferenzierung  (Autodifferentiatio  specifica  histo- 
logica)  und 

11.  durch   die    alien    gestaltenden   Einzelleistungen,   '^super- 

ordinierten "  specifischen  Selbstgestaltungsfunktionen, 
Autoformatio  specifica. 

12.  Bei  vielen    Lebewesen   deutlich   erkennbare   psychische 

Leistungen. 

13.  Das    allgemeinste   Charakteristische    sind    die    typische 

Selbstgestaltung  der  Einzelwesen,  Autoconformatio 
typica,  die  Selbsterhaltung,  Autoconservatio,  und  die 
Selbstvermehrung,  alles  durch  Selbstregulation  gesichert. 

Die  Determinationsfaktorenen  zu  alien  diesen  typischen  Gestal- 
tungsleistungen  sind  im  Keimplasma  enthalten-/  nur  die  Aus^ 
fUhrung  die  VoUziehung  kann  teUweise  von  aussen  bewirkt  werden. 

Es  bt  nun  zu  fragen,  ob  dieses  Geschehen,  das  heisst  seine  Wir- 
kungsweisen  sowie  auch  die  dasselbe  bewirkenden  determinierenden 
und  ausflihrenden  Faktoren  fiir  uns  erforschbar  sind. 

Dabei  haben  wir  zweierlei  zu  unterscheiden :  die  prinzipielle 
Losbarkeit  und  die  empirische  Losbarkeit.  Sind  die  Aufgaben 
prinzipiell  losbar,  so  brauchen  sie  letzteres  deshalb  nicht  auch  em- 
pirisch  zu  sein;  sind  sie  aber  prinzipiell  unlosbar,  so  sind  sie  es  auch 
empirisch.  Daher  ist  es  notig,  diese  beiden  Fragen  aufzustellen  und 
gesondert  zu  erledigen. 

sowohl  gleichzei tiger  als  aufeinanderfolgender  Ver&ndenineen  "  mit  "fortwfthren- 
der  Anpassung  innerer  Relationen  an  ftussere  Relationen^'  wohl  Aehnliches  das- 
selbe gemeint,  es  aber  weniger  einfach  und  elementar  erfasst  und  bezeichnet  hsl ; 
und  femer  dass  E.  PflQger  (1877)  (Iber  die  Selbstregulation  besonders  der  Erhal* 
tun^unktionen  ^ehandelt  hat,  ohne  aber  ihre  elementare,  charakterisierende 
Beoeutung  und  die  progressive  Anpassungsgrdsse  in  ^estaltlicher  Beziehung  zu 
erkennen  (s.  Roux,  1881,  Kapitel  V:  Ueber  das  Wesen  oes  Organischen,  oder  1895, 
18.398-415;  1902  a). 

*  Die  endlich  allgemein  angenommene  Distinction  von  Determinationsfak- 
toren  und  AusfCkhrungs-  oder  Realisationsfaktoren  der  Entwickelung  habe  ich 
1881  (unter  etwas  anderer  Bezeichnung)  eingefUhrt  und  von  da  an  stAndig  ver- 
wendet.  Ihre  vieljfthrige  Nichtberflcksichtigung  hat  zu  vielen  falschen  Deut- 
ungen  der  Formulierungen  meiner  Ergebnisse  (z.  B.  durch  O.  Schulzej  O.  Hertwig) 

Sefahrt.    Diese  Distinction  gestattet  allein  die  oben  verwendete  pr&cise  Definition 
es  "Typischen"  (s.  Roux  1905,  S.  182). 

Manche  Forscher,  besonders  Botaniker,  rechnen  auch  noch  von  "  &usseren  " 
"  veranderiichen  "  Faktoren  wie  Klima.  Bodenbeschaflfenheit,  determinierte,  also 
mit  ihnen  auch  "sich  &ndemde  "  Gestaltungen  zu  den  "  typischen  "  Charakteren. 
Die  causale  Analyse  notigt  uns  zu  einer  strengen  Scheidung  der  inneren  vererb^ 
ten  und  der  ftusseren  nicht  vererblichen  Gestaltung  "  determinierenden  "  Faktoren 
und  ihrer  gestaltenden  Wirkungen.  Wir  konnen  daher  von  ftussen  "  determini- 
erte Gestaltungen  nicht  mit  unter  den  Begriff  des  Typischen  fassen,  mogen  diese 
Gestaltungen  noch  so  hervortreten  und  unter  denselben  &usseren  Verli^ltnissen 
constant  sein,  oder,  wie  die  bei  Pfianzen  und  festsitzenden  Tieren  durch  die  an 
alien  Orten  wesentlich  gleiche  Schwerkraft  bewirkten  Gestaltungen,  durchaus 
constant  sein. 
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11.  Ueber  die   "Prinzipielle"  Erforschbarkeit  des  organ- 

ISCHEN    GesTALTUNGSGESCHEHENS 

Um  zuerst  die  Frage  der  prinzipiellen  Losbarkeit  unserer  Auf- 
gabe  zu  behandeln,  so  ist  zu  priifen,  ob  iiberhaupt  die  Vorbedingung 
der  Erforschbarkeit  dieses  Geschehens  gegeben  ist. 

Diese  Bedingung  besteht  darin,  dass  das  (Jeschehen  sogenanntes 
bestandiges  Geschehen  ist  (oder  wie  man,  wenig  gut,  anthropo- 
morphistisch  sagt,  dass  es,  "gesetzmassig"  ist,  also  durchaus  dem 
Gesetze  der  Causalitat  untersteht).  Das  heisst,  dass  das  Geschehen 
an  alien  Orten,  zu  alien  Zeiten  unter  ganz  gleichen  Umstanden  stets 
in  ganz  gleicher  Weise  stattfindet.  Nur  sotches  Geschehen  ist  er- 
forschbar;  denn  ohne  andernde  Ursache  sich  verandemdes,  also 
unter  ganz  gleichen  Umstanden  nicht  in  gleicher  Weise  stattfindendes 
Geschehen  wiirde  sich  unserer  Erkenntnis  durch  Erschliessen  aus  den 
wahrnehmbaren  Produkten  desselben  prinzipiell  entziehen,  sofern  es 
solches  Geschehen  iiberhaupt  gabe.  Ich  kann  mir  aber  anderes  als 
"bestandiges"  Geschehen  nicht  vorstellen  und  glaube  nicht,  dass 
es  solches  giebt  und  geben  kann. 

Es  ist  aber  angezweifelt  worden,  dass  in,  dem  gestaltenden  Lebens- 
geschehen  durchaus  causales,  also  bestandiges  Geschehen  vorliige. 
Wenn  das  richtig  ware,  so  ware  es  sehr  verdienstlich,  dies  aufgezeigt 
zu  haben ;  denn  wir  konnten  uns  dann  die  Miihe  der  causalen  For- 
schung  auf  unserem  Gebiete  von  vornherein  sparen,  da  sie  prinzipiell 
vergeblich  sein  miisste. 

Zum  Beweise  wird  z.  B.  angefiihrt,  dass  in  einer  Schale,  welche 
sehr  dicht  mit  Froscheiern  erfUllt  ist,  die  Eier  verschiedene  Storungen 
darbieten,  obschon  doch  alle  Eier  an  sich  einander  gleich  seien  und 
unter  den  gleichen  Umstanden  sich  befanden.  Das  wiirde  also 
bedeuten:  Unter  gleichen  Umstanden  konnen  gleiche  Lebewesen 
verschieden  reagieren.  Gegen  diese  Deutung  ist  darauf  hinzuweisen, 
dass  die  Verschiedenheit  der  Reaktion  hier  dadurch  bewirkt  wird, 
dass  in  Wirklichkeit  schon  die  Umstande  fiir  die  einzelnen  Eier  nicht 
gleich,  sondern  sehr  verschieden  sind ;  denn  die  oberflachlich  liegenden 
Eier  erhalten  mehr  Luft  ab  die  tiefer  liegenden,  und  die  unter  einer 
Liicke  der  dariiberliegenden  Schicht  liegenden  Eier  erhalten  wieder 
mehr  Luft,  als  die  danebengelegenen,  also  mehr  bedeckten.  So 
erklart  sich  die  Verschiedenheit  der  Storungen  hier  durch  zwar  nicht 
sichtbare,  aber  zu  erschliessende  vferschiedene  Grade  des  Luft- 
mangels ;  *  dies  selbst,  wenn  anzunehmen  ware,  dass  die  Eier  alle  voll- 
kommen  typisch  beschaffen,  also  einander  vollkommen  gleich  waren. 

*  Im  Jahre  1885  beobachtete  ich  an  Frocheiem,  welche  in  enge  GlasrOhren 
gebracht  waren,  dass  bios  die  den  ofTenen  Enden  nftchsten  Eier  sich  zu  Embry- 
onen  entwickelten,  w&hrend  die  tiefer  gelegenen  wegen  Luftmangels  anf  friiher 
Stufe  der  Gastrulation  stehen  blieben,  die  innersten  sich  aberhaupt  nur  fuichten 
(S.  1895  II  S.  322). 
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Dasselbe  gilt  von  Seeigeleiem,  welche  in  einem  Reagenzglas  ge- 
schiittelt  worden  waren  und  danach  sehr  verschiedene  Stoningen  der 
Entwicklung  darboten.  Auch  hier  ist  die  Einwirkung  auf  die  einzel- 
nen  Eier  eine  quantitativ  verschiedene  trotz  der  Gleichartigkeit  der 
Wirkung.  Daher  ist  auch  das  VeAalten  der  Eier  verschieden ;  nicht 
aber,  well  wirklich  gleidie  Eier  bei  gleieher  Einwirkung  verschieden 
reagieren  konnten.  Ausserdem  kann  aber  auch  die  Widerstandsf  ahig- 
keit  mancher  Eier  derselben  Art  vielleicht  nicht  unerheblich  verschie- 
den sein.*  Ferner  wurde  gegen  die  Moglichkeit,  aus  Experimenten 
ursachliche  Folgerungen  abzuleiten,  eingewendet,  dass  dasselbe 
Individuum  zu  verschiedenen  Zeiten  auf  gleiche  Einwirkungen  ver- 
schieden reagiere,  wie  wir  dies  schon  an  uns  selber  taglich  beobachten 
konnten.  Die  tatsachliche  Beobachtung  ist  auch  hier  wieder  richtig. 
Aber  auch  dieser  Fall  besagt  nichts  gegen  die  strikte  Giiltigkeit  des 
Causalgesetzes ;  sondern  er  beruht  bios  auf  unsiehtbaren  Variationen 
der  Lebewesen.  Denn  dass  ein  und  dasselbe  Individuum  zu  ver- 
schiedenen Zeiten  verschieden  reagiert,  hat  seine  Ursache  darin,  dass  es 
infolge  verschiedener  in  zwischen  stattgehabter,  nicht  oder  noch  nicht 
ganz  ausg^lichener  ausserer  Einwirkungen,  z.  B.  Erregung,  Genuss 
versciiiedener  Nahrung,  oder  infolge  verschiedenen  Grades  innerer 
Vorgange  wie  Hunger,  Anstrengung,  Schlaf  etc.,  trotz  gleichen 
gestaltlichen  Aussehens  nicht  mehr  ganz  dasselbe  Individuum  ist, 
wie  kurz  vorher.  Selbst  der  Richter  betrachtet  den  Menschen  dann 
eventiiell  nicht  mehr  als  identisch  mit  dem  im  Gesetzbuch  ange- 
nommenen  normalen,  indem  er  derartige  innere  Aenderungen  ab 
strafmildernd  beurteilt. 

Wir  folgem  aus  diesen  Beispielen  daher  nur:  Sichtbar  Gleiches 
kann  in  Wirklichkeit  wesentlich  verschieden  sein. 

Dies  Prinzip  ist  von  weitestem  Umfang  des  Vorkommens  auf 
biologischem  Gebiete  und  daher  von  grosser  Bedeutung.  Die  Eier 
vieler  Tiere  sind  zum  Verwechseln  ahnlich  (oder  sind  gerade  in  Eigen- 
schaften,  welche  fiir  das  Entwicklungsgeschehen  einflusslos  sind, 
sichtbar  verschieden)  und  haben  trotzdem  so  hochgradig  verschiedenes 
Entwieklungsvermogen,  dass  aus  ihnen  augenfallig  verschieden 
gebildete  Individuen  hervorgehen.' 

Wir  konnen  daher  einige  Prinzipien  des  Wirkens  formulieren,  die 
sowohl  fiir  das  organische  wie  anorganische  Greschehen  giiltig  sind 
und  dem  Causalgesetz  nur  bei  sehr  fliichtiger,  ganz  unzureichender 

»  Genaueres  siehe  Roux  1896  c  S.  299  und  1897  S.  118  u.  187,  sowie  bei 
meinen  bezQgl.  Gegenem  Driesch  im  Arch.  f.  Entw.-Mech.  Ill  S.  299,  und  O. 
Hertwig  1897,  S.  71-72. 

'  Am  £2i  und  am  Spermatosoma  im  Ganzen  und  an  jedem  sichtbaren  oder 
auch  noch  unsiehtbaren  Teile  derselben  sind  zu  unterscheiden :  (1)  Die  "Ent- 
wickelungseigenschaften  "  als  diejenigen  Ei^enschaften,  welche  bei  dem  Ent- 
wickelungsgeschehen  in  irgend  einer  Weise  mitwirken.  und  (2)  cdle  anderen  an  der 
Entwickelxmg  nicht  sich  beteiligenden  und  daher  als  '*  accessorische  "  zu  bezeich- 
nenden  Eigenschaften. 
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Priifung  zu  widersprechen  scheinen,  das  Causalgesetz  aber  in  Wirk-       ' 
lichkeit  gar  nicht  berlihren. 

Sie  widersprachen  der  Causalitat  nur  dann,  wenn  folgende  vier 
SMtze  richtig  waren : 

Nur  wfiSimehmbare  Faktoren  konnen  wahmehmbares  Wirken 
hervorbringen. 

Nur  wahrnehmbares  Wirken  kann  wahrnehmbare  Ergebnisse 
(Produkte),  hervorbringen. 

Und  daraus  folgernd:  Nur  wahrnehmbare  Faktoren  konnen 
wahrnehmbare  Ergebnisse  liefem. 

Nur  wahrnehmbar  verschiedene  Faktoren  konnen  wahmehmbar 
verschiedene  Ergebnisse  veranlassen. 

Wenn  diese  Satze  richtig  waren,  dann  ware  auch  die  Behauptung 
O.  Hertwig's  (1897)  richtig,  dass  die  descriptive  Methode,  d.  h.  die 
Beschreibung  des  Gesehenen,  des  Sichtbaren  oder  sonst  Wahmehm- 
baren  die  zureichende  Methode  der  Embryologie  sei.*  Dann  miissten 
aber  auch  alle  die  kiinftige  Gestaltung  determinierenden  Verschieden- 
heiten  in  den  Keimen  von  Anfang  an  sichtbar  sein.  Und  C.  Rabl 
arbeitete  noch  jUngst  (1906)  mit  ahnlichen  Auffassungen,  die  daher 
gleichfalls  nur  berechtigt  waren,  wenn  diese  vier  Satze  zutrafen,  wenn, 
wie  ich  in  meiner  Erwiderung  (1907)  sagte,  die  Formel  giilte:  Sicht- 
bares  (entsteht)  nur  aus  Sichtbarem.  Alle  diese  Satze  sind  durchaus 
unrichtig;  sie  werden  durch  die  folgenden  Prinzipien  des  Geschehens 
widerlegt : 

1.  AUes  erste  Wirken  ist  unsichtbar,  ist  fUr  uns  iiberhaupt  nicht 
wahrnehmbar. 

Das  gilt  ebenso'  fur  Wirken,  welches  aus  unsichtbaren  wie  aus 
sichtbaren  Faktoren  hervorgeht. 

So  ist  bei  der  Fortbewegung  eines  Eisenbahnzuges  durch  die 
Lokomotive  das  primare  Ziehen,  die  Fortpflanzung  der  Zugwirkung, 
vom  Anfang  bis  zum  Ende  des  Zuges  nicht  wahmehmbar,  auch  wenn 
wir  die  neben  den  Kuppehmgen  befindlichen,  gedehnten  elastischen 
Fedem  beriicksichtigen.  Das  Gleiche  gilt  von  dem  Wirken  einer 
aufschlagenden  Kanonenkugel,  von  der  Uebertragung  der  Drehbewe- 
gung  von  einer  Scheibe  auf  die  andere  durch  einen  Transmissions- 
riemen,  von  der  Herabbewegung  der  Tinte  in  der  schreibenden 
Feder,  etc.  Da  alles  erste  Wirken,  sei  es  chemisch  oder  physikalisch, 
unwahmehmbar  ist,  so  konnen  wir  dieses  primtlre,  eigentliche  Wirken 
nur  erschliessen. 

^  Nach  meiner  eingehenden  Wideriegung  (1897),  seiner  prindpiellen  Einwen- 
dungen  gegen  die  Entwickelungamechimik  hat  O.  Hertwig  seine  Auffassungen 
bald  sehr  erheblich  ^ndert,  indem  er  manches  von  mir  vertretene  Fundamentale, 
das  er  bisher  energisch  bekflmpft  oder  consequent  abergangen  hatte,  deich  dar- 
nach  und  femerhin  in  seinen  Schriften  verbreitete,  ohne  auf  die  nachtr&^che 
Aenderung  und  deren  Ursache  hinzuweisen.  Das  hatte  sur  Fol^,  dass  descriptive 
Forscher  wie  auch  Pflanzenphysiologen,  die  diesen  Teil  der  Literatur  nicht  aua- 
reichend  verfolgt  haben.  glauben,  ich  h&tte  die  Ansichten  dieses  Autors  mit  Ua- 
recbt  als  rtkckst&ndige  bekflmpft. 
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2.  Aus  dem  unwahmehmbaren  ersten  "  Wirken  "  kann  wahrnehm- 
bares  sekundares  Geschehen :  die  "  Wirkung  "  als  das  Ergebnis  des 
Wirkens  entstehen. 

So  entsteht  in  den  obigen  Beispielen  die  wahmehmbare  Fort- 
bewegung  des  Eisenbahnzuges,  die  Dehnung  seiner  Spiralfedem,  die 
Zertnimmerung  der  von  der  Kanonenkugel  getroflfenen  Mauer,  das 
Herabfliessen  der  Tinte  aus  der  Feder. 

Und  zwar  ist  solehe  Umwandlung  des  Gesehehens  moglieh,  aueh 
wenn  die  ursprungliehen  Faktoren  fiir  uns  nieht  wahrnehmbar 
waren. 

Diese  Wahrnehmbarwerdung  geschieht  nach  zwei  Prinzipien: 

2  a.  Aus  unsichtbar  oder  sonst  unwahmehmbar  kleinem  Wirken 
kann  durch  Andauer  des  Wirkens  und  dadurch  bedingte  raumliehe 
Ausbreitung  desselben  eine  Wirkung  von  sichtbarer  oder  wahrnehm- 
barer  Grosse  ab  Ergebniss  hervorgehen.  So  kann  also  das  unsicht- 
bar Kleine  zu  siehtbar  Grossem  integriert  werden. 

2  6.  Seiner  Qualitat  nach  fiir  uns  nicht  wahrnehmbares  Sein 
oder  Geschehen  kann  durch  das  Wirken  neuer  Faktoren  in  seiner 
Qualitat  derartig  verandert  werden,  dass  es  fiir  uns  wahrnehmbar 
wird.  So  wird  z.  B.  das  unsichtbare  primare  Bild  auf  der  photogra- 
phischen  Platte  durch  das  Wirken  des  dariibergegossenen  Entwick- 
lers  in  ein  wahrnehmbares  verwandelt  (s.  Roux  1885  S.  417  u. ;  1895 
II  S.  9). 

Soweit  aber  durch  fortschreitende  Analyse  der  chemischen  Ele- 
mente  in  Urelemente  jetzt  fiir  "  qualitativ  "  verschieden  Gehaltenes 
auf  "  quantitative  "  Verschiedenheiten  zuriickgefiihrt  wird,  soweit  bt 
dieser  Satz  durch  den  vorigen  zu  ersetzen. 

Die  letzten  beiden  Arten  des  Gesehehens  2  a  und  b  gestatten  die 
Folgerung: 

3.  Unsichtbare  Faktoren  konnen  sichtbare  Wirkungen  liefem. 
Kurzgefasst:  Unsichtbare  Ursachen,  sichtbare  Wirkungen.  Dieses 
Prinzip  bezeichnet  Geschehen,  welches  bei  den  organischen  Gestalt- 
bildungen  allenthalben  vorkommt.  Denn  im  Ei  und  Samenkorper 
sind  alle  einzelnen  vererbbaren  Eigenschaften  der  Eltem  in  qualitativ 
und  quantitativ  unsichtbarer  Weise  "  determiniert "  enthalten,  und  sie 
werden  erst  im  Laufe  der  Entwicklung  durch  das  Wirken  in  sichtbare 
Verschiedenheiten  umgearbeitet  (genaueres  s.  Roux  1895  I  S.  406). 

Da  scheinbar  ganz  gleiche  Gebilde  doch  in  unsichtbarer  Weise  ver- 
schieden sein  konnen,  so  folgt  aus  der  sichtbaren  Wirkung  unsicht- 
barer Ursachen : 

4.  Anscheinend  gleiche  Gebilde  konnen  bei  gleichen  Einwirkun- 
gen  siehtbar  verschi«lene  Wirkungen  ergeben.  Damit  sind  die  drei 
obigen  Bebpiele  von  Einwendungen  gegen  die  strenge  Causalitat  des 
organischen  Gesehehens  prinzipiell  erledigt. 

Zu  diesen  Prinzipien  der  Wahmehmbarkeit  des  Gesehehens 
kommt  noch  eine  Erfahrung: 
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5.  Wirkendes  und  Bewirktes,  also  Ursache  und  Wirkung,  oder 
Primares  und  Sekundares  sind  oft  selbst  bei  siehtbaren  Faktoren 
fur  uns  nicht  zu  unterscheiden,  also  nicht  als  das  eine  oder  andere  zu 
erkennen.  Beim  Einblick  in  ein  Maschinengetriebe  erkennen  wir 
nicht,  welches  von  zwei  ineinandergreifenden  Rkdem  druckt^  welches 
gedriickt  wird. 

Erst  durch  Eingriflfe,  wie  iVnhalten  und  neuen  Beginn  des  Betriebes 
oder  durch  Ausschalten  von  Teilen  erkennen  wir  dies.  So  ist  es  auch 
ganz  allgemein  mit  den  gestaltenden  Wirkungen  der  Zellen  resp.  der 
Organe  aufeinander  (s.  Roux  1879  S.  325,  1895  I  S.  83).  Zum  Bei- 
spiel  ist  bei  der  Bildung  des  Klumpfusses  nicht  zu  erkennen,  ob  die 
Verkiirzung  der  Plantaraponeurose  die  Ursache  oder  die  Folge  der 
Umgestaltung  des  Skelettes  ist 

Alle  diese  Arten  des  G^eschehens  bekunden  aber  nichts  gegen  die 
Causalitat  desselben;  sie  betreffen  uberhaupt  nicht  die  Causalitat, 
sondem  nur  Formales:  und  zwar  die  Wirkungsfahigkeit  auf  die 
menschlichen  Sinnesorgane,  die  Wahmehmbarkeit  resp.  die  Nicht- 
wahrnehmbarkeit  infolge  der  Mangelhaftigkeit  unserer  Sinne.  Sie 
zeigen  aber  zugleich,  warum  die  descriptive  Forschung,  die  genaue, 
ja  die  genaueste  Beobachtung  des  Entwicklungsgeschehens  der  Lebe- 
wesen,  keinen  Einblick  in  das  ursachliche  Wirken  dieses  Geschehens 
geben  kann.  Diesen  Einblick  konnen  wir  in  sicherer  Weise  nur 
durch  Eingriff  in  das  Wirken,  durch  analytische  Experimente  und 
durch  Schliessen  aus  seinen  Ergebnissen  gewinnen. 

Allerdings  ist  es  sehr  erschwerend  fiir  uns,  dass  wir  nicht  nur  das 
Wirken,  sondem  auch  die  Faktoren  desselben  nicht  als  solche,  als 
wirkende  Telle  wahmehmen  konnen,  sondem  beides  aus  den  Ex- 

BTimenten  erschliessen  miissen.  Doch  sind  das  keine  prinzipiellen 
indemisse. 

W>nn  es  sich  femer  um  Aenderungen  eines  ganz  bestimmten,  also 
typischen  Geschehens  handelt,  so  folgt  aus  diesen  Prinzipien  des 
Wirkens  der  Satz  : 

Nicht  wahmehmbare  Variationen  der  Ursachen  konnen  wahr- 
nehmbare  Variationen  der  Folgen  bewirken. 

Ein  Beispiel:  Es  giebt  einen  Springbmnnen,  der  eine  grosse 
Menge  Wasser  ausspmdelt,  das  in  dickem  Strahl  anscheinend  direkt 
aus  der  Erde  herauskommt.  Dieser  Strahl  aber  zerteilt  sich  nach 
dem  Ausbritt  zugleich  und  zwar  fortwahrend  in  ganz  anderer  Weise, 
obschon  die  von  uns  gegebene  Anordnung  der  Bedingungen:  die 
Weite  und  Lage  des  Zuflussrohres  und  die  Beschaffenheit  der  Aus- 
flussmlindung  immer  dieselben  sind.  Die  Ursachen  der  Variation 
liegen  offenbar  in  den  unsichtbaren  Schwankungen  des  Druckes  in 
der  zugefiihrten  Flussigkeit  und  in  der  stets  veranderten  Bewegung 
der  Luft,  in  welche  der  Strahl  einspringt. 

Ebenso  konnen  unsichtbare  Aenderungen  in  den  Keimen  sicht- 
bare,  ja  augenfallige  Wirkungen  an  den  entwickelten  Lebewesen 
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bewirkcB,  da  bei  der  Entwicklung  derselben  das  2.te  und  3.te  Prin- 
zip  des  Geschehens  beteiligt  sind. 

Vielleicht  konnte  femer  jemand  behaupten,  der  bekannte,  auch 
auf  das  organische  G^schehen  vielfach  angewandte  Erf ahrungssatz : 
Kleine  Ursachen,  grosse  Wirkungen  sprSche  gegen  die  zureichende 
Causalitat  dieses  Geschehens,  da  hier  der  Causabatz :  causa  aequat 
eflfectum  durchbrochen  zu  sein  scheint. 

Wenn  aber  z.  B.  ein  kleiner  elektrischer  Funke  eine  ungeheure 
Explosion  bewirkt,  so  ist  der  Funke  nur  der  letzte  Faktor,  nicht  die 
allein  zureichende  Ursache  der  grossen  Wirkung;  denn  zu  dieser  Wirk- 
ung  gehort  noch  ein  entsprechend  grosser  Vorrat  angehauf ter  Energie. 
Richtig  kann  man  also  nur  sagen:  Kleine  Ursachen  konnen  grosse 
Wirkungen  "  auslosen,"  was  nicht  dem  Gesetze  der  Causalitat  wider- 
spricht.  Aehnlich  ist  es  mit  der  Intatigkeitsetzung  eines  Menschen 
durch  Anruf,  durch  MUckenstich,  mit  der  Anregung  der  Entwick- 
lung des  Eb  durch  Befruchtung  oder  durch  Salzlosung  nach  J.  Loeb. 
Auch  die  im  Organbmus  haufigen  Fermentwu'kungen  widersprechen 
bei  BerUcksichtigung  aller  dabei  beteiligten  Faktoren  nicht  dem 
Gesetze  der  Causalitat. 

Abo  gilt  die  Causalitat  fUr  das  Quantitative  des  Greschehens. 

Aber  auch  die  Qualitat  der  organischen  Gestaltung  unterstcht  der 
Causalitat,  bt  "bestandiges"  Wirken.  Das  ergiebt  sich  sicher  aus 
der  Erhaltung  der  Species,  d.  h.  eine  Species  bringt  von  sich  aus,  also 
sofem  nicht  alterierende  Einwirkungen  hinzukommen,  immer  nur 
Wesen  derselben  Species  hervor. 

Aus  dieser  absoluten  "Bestandigkeit"  des  organischen  G^tal- 
tungsgeschehens  diirfen  wir  absolut  sicher  folgem,  dass  die  Bildung 
der  Lebewesen  der  Causalitat  streng  folgt.  Daraus  bt  zunachst 
abzuleiten,  dass  die  typische  Entwicklung  der  Lebewesen,  wie  alles 
bestandige  Geschehen  ''prinzipiell"  erforschbar  bt. 

Da  alles  der  Causalitat  unterstehende  Geschehen  den  Charakter 
des  Mechanischen,  Maschinenartigen  hat,  und  daher  seit  der  Zeit, 
in  der  diese  feste,  das  wirklich  "mogliche"  Geschehen  gegeniiber 
dem  "denkbaren"  z.  B.  marchenhaften  zauberischen  Geschehen 
ungeheuer  beschrankende  Gesetzmassigkeit  des  Naturgeschehens  in 
ihrer  voUen  Bedeutung  gewiirdigt  wurde,  ab,  "  mechanbtisches 
Geschehen"  bezeichnet  wird,  so  bt  es  wohl  erlaubt,  ja  passend,  die 
Lehre  von  den  Faktoren  des  Entwicklungsgeschehens  und  von  deren 
bestandigen  Wirkungsweisen  auch  ab  ^'Entwicklungsmechanik"  zu 
bezeichnen. 

Diese  Auflfassung  wird  sich  wohl  spater  mit  der  zunehmenden  Ver- 
breitung  der  Einsicht  in  diese  Verhaltnisse,  also  in  das  wahre  Wesen 
unserer  "empirischen"  Aufgabe  und  ihrer  praktbchen  Losungswebe, 
sowie  wenn  erst  in  hoherem  Masse  ab  jetzt  das  organische  Gestaltung 
geschehen  in  solche  "bestandige  Wirkungsweben"  und  deren  Fakto- 
ren analysiert  bt,  mehr  und  mehr  einbiirgem.     Zur  Zeit  stehen  wir 
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ja  erst  am  Anfang  der  auch  in  Aeonen  nie  zu  Ende  zu  brbgenden 
Forschungsarbeit. 

An  der  "prinzipiellen"  Losbarkeit  der  ursaehliehen  Ratsel  des 
organiscben  Entwicklungsgeschehens  in  dem  eben  erorterten  Sinne 
ist  also  nicht  zu  zweifeln. 

Diese  erwiesene  prinzipielle  Erforschbarkeit  betrifft  zunachst 
nur  das  typische  Entwicklungsgeschehen. 

Ausser  ihm  giebt  es  nun  aber  noch  "atypisches"  Geschehen, 
welches  trotzdem  typische  Produkte  liefert.  Dieses  ist  daher  als 
"regulatorisches"  Geschehen  zu  bezeichnen;  und  es  bedarf  noch 
besonderer  Priifung  auf  seine  Causalitat,  also  auf  seine  Bestandigkeit. 

Das  typische  Gestaltungsgeschehen  der  sich  entwickelnden  Lebe- 
wesen  ist,  wie  experimentell  zuerst  von  mir  (1884)  nachgewiesen 
worden  ist,  in  allem  Wesentlichen,  das  heisst,  in  dem  die  Klassen-, 
Gattungs-  und  die  constanten  Art-Charaktere  "  Bestimmenden," 
im  befruchteten  Ei  "  vorbestimmt,"  also  in  ihm  determiniert  ent- 
halten.  Und  da  dieses  Geschehen  zu  dem  typischen  Ende  fiihrt, 
so  scheint  zu  folgern  zu  sein,  dass  auch  die  Herstellung  in  typischer 
Webe  verlaufen  muss. 

Das  wird  aber  durch  die  Wirklichkeit  widerlegt. 

Da  der  Keim  sehr  weich  ist,  und  da  auch  der  Embryo  sowie 
die  spateren  Entwicklungsstadien  meist  aus  weichen  Teilen  be- 
stehen,  so  miissen,  trotz  manches  durch  die  Eihlillen  gegebenen 
Schutzes,  die  gleichwohl  noch  bei  jeder  einzelAen  Ontogenese  statt- 
findenden  atypischen  ausseren  gestaltenden  Einwirkungen  sowie 
auch  die  functionellen  Eigenbewegungen  von  Teilen  des  Gebildes 
stets  Alterationen  im  Keime  resp.  im  Embryo  hervorbringen.  Und 
die  Folge  miisste  sein,  dass  nie  ausserlich  und  innerlich  auch  nur 
annahemd  normal  gebildete  Lebewesen  oder  uberhaupt  lebensfahige 
Gebilde  aus  dem  befruchteten  Ei  hervorgehen  konnten. 

Gleichwohl  ist  beide  zumeist  der  Fall. 

Diese  Sachlage  veranlasste  mich  seiner  Zeit  erstens  zu  der  An- 
nahme,  dass  die  typischen  Einzelbildungen  durch  "doppeltes  oder 
mehrf aches  Bestimmtsein  "  in  ihrer  typischen  Herstellung  "gesichert" 
seien:  Und  es  gelang,  die  Moglichkeit  dieser  Annahme  an  dem 
damals  behandelten,  uberaus  compliziert  gebauten  Objekte:  der 
Schwarzflosse  des  Delphin,  im  einzelnen  nachzuweben.  (Roux  1883 
S.  112,  129  Oder  1895  I  S.  507,  530). 

Diese  inneren  Sicherungseinrichtungen  schliessen  naturlich  nicht 
aus,  dass  durch  aussere  Einwirkungen  augenfallige  Alterationen  der 
Gestalt  des  Keimes  oder  Embryos  bewirkt  werden  konnen.  Trotz 
mancher  solcher  1884-1888  von  mir  vorgenommenen  Einwirkungen 
kamen  aber  spater  oft  keine  "Bildungsabweichungen"  zur  Beobach- 
tung.  Die  anfanglich  notwendig  eingetretenen  Storungen  der  Bildung 
waren  also  wieder  ausgeglichen  worden.  Dies  bekundet,  dass  ausser 
den   erwtihnten   Sicherungen    im   Laufe  der  gestorten  Ontogenese 
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^'gestaltende  Selbstregulationen"  stattfinden  konnen.  Experimente 
belehrten  Uber  den  sehr  grossen  Wirkungsumf  ang  dieser  Regulationen. 

Durch  Pressung  zwischen  senkrechten  Glasplatten  oder  durch 
Trockenhaltung  der  Gallerthiille  vom  Beginne  der  Entwicklung  an 
eine  Woche  lang  hochgradig  deformierte  Eroscheier  entwickelten  sich 
wahrend  der  Pressung  zwar  selbstverstandlieh  zu  ausserlich  ent- 
sprechend  defonnierten  Embryonen.  Diese  Embryonen  zeigten  sich 
aber  trotz  der  abnormen  ausseren  Gestalt  und  der  daraus  sich  erge- 
benden  abnormen  Lagerung  der  Teile  zu  einander  in  ihrem  struk- 
turellen  Aufbau  aus  den  Organen  und  in  ihrer  ausseren  Gliedrung  in 
soleher  Weise  normal  gebildet,  ab  wenn  sie  sich  unter  normalen  Ver- 
haltnissen  entwickelt  batten,  und  nachtraglieh,  als  sie  schon  zu  nor- 
malen Embryonen  mit  den  einzelnen  Organen  differenziert  waren, 
in  der  angegebenen  Weise  deformiert  worden  waren  (1893  a  S.  609; 
1895  II  S.  926). 

Diese  .Erfahrungen  und  die  Beobachtungen  liber  Postgeneration 
und  Regeneration  u.  a.  veranlassten  mich  seinerzeit  zu  der  rein 
objektiven  Formulierung,  dass  "die  Produkte  der  Entwicklung  con- 
stanter  sind  als  die  Arten  ihrer  Herstellung"  (1896  a  S.  122). 

E.  PflUger  hatte  bereits  im  Jahre  1877  die  Selbstregulation  in 
der  Vollziehung  der  "Erhaltungsfunktionen"  (Roux)  in  aUgemeinem 
Sinne  bearbeitet,  und  fur  diese  Regulationen  den  Satz  formuliert, 
dass  die  "Ursache"  des  "Bediirfnisses"  auch  die  Ursache  seiner 
Befriedigung  darstellt.  (Daraus  haben  die  modemen  Teleologen  den 
Satz  gemacht,  dass  das  "Bediirfnis"  selber  auch  die  Ursache  der 
Befriedigung  desselben  sei,  womit  das  Bediirfnis  zu  etwas  Realem 
erhoben  wurde.) 

Nachdem  ich  dieser  Selbstregulation  der  Erhaltungsfunktionen 
allgemein  die  Selbstregulationen  der  G^staltungsfunktionen  hinzuge- 
fiigt  und  die  Selbstregulation  in  der  Ausubung  aller  Punktionen  als 
elementare,  charakteristische  Lebtung  der  Organismen  aufgestellt 
hatte,  wurde  derartiges  Geschehen  auch  als  sehr  vielseitig  und  sehr 
weit  gehend  erkannt  (s.  1902  a);  und  dasselbe  gewann  einen  "meta- 
physischen"  Schein,  der  sogar.  Zweifel  an  der  strengen  Causalitat 
dieser  Entwicklungsvorgange  erweckte. 

Da  indess  auch  hierbei  wieder  nur  dem  Typus  derselben  Klasse, 
Gattung  und  Species  zugehorige  Gestaltungen  gebildet  werden,  so 
ist  an  der  strengen  Causalitat  nicht  zu  zweifeln.  Vorkommende 
Abweichungen  vom  Typus  sind  derartig,  dass  sie  als  Storungen,  als 
falsch  geleitete  Betatigungen  typischer  Mechanismen,  ev.  als  "Un- 
voUkommenheiten"  der  Regulationsleistungen  oder  andererseits  ab 
"Riickschlage"  aufgefasst  werden  konnen.  Somit  sind  es  wieder 
Vorgange,  die  der  causalen  Ableitung  keine  prinzipiellen  Hindernisse 
darbieten. 

Aber  davon  abgesehen,  haben  diese  gestaltlichen  Selbstregula- 
tionen gestorter,  also  atypbch  gewordener  Gebilde,  einen  ganz  beson- 
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deren  Charakter,  denn  es  wird  durch  sie  ein  nicht  mehr  in  typischa 
Weise  existierendes  Gebilde  gleichwohl  seinem  ideellen  Typus  ent- 
sprechend  wieder  hergestellt.  So  wird  z.  B.  durch  die  Regeneration 
ein  typisches,  aber  real  nicht  mehr  vollstandig  vorhandenes,  "entr 
wickeltes"  Ganze  entsprechend  seinem  vollstandigen  ideellen  Typus 
wiedergebildet. 

Diese  anscheinend  metaphysische  Leistung  kann  indessen  durch 
meine  einfache,  real  gestutzte  Annahme  als  von  reim  ein  mechanis- 
tischem  Charakter  beurteilt  werden  (Roux  1893  b  S.  302;  1895,  II 
842,  1018;  1905  S.  83).  Das  geschieht  durch  die  Einsicht,  dass  das 
ganze  Individuum  hier  doch  noch  reell  vertreten  ist,  namlich  im  un- 
entwickelten  Zustande,  im  Keimplasma,  welches  nach  Weismann's 
und  meiner  AufTassung  auch  in  alien  determinierend  an  der  Regen- 
eration sich  beteiligenden  Zellen  sich  vorfindet  und  an  der  Regenerar 
tion  leitend  und  ausfiihrend  mitwirkt. 

Dadurch  erhalt  das  scheinbar  unerklarliche  Regenerations-  und 
Postgenerationsproblem  eine  mechanistische  Charakterisierung;  nam- 
lich die:  dass  durch  Mitwirkung  des  typischen  "unentwickelten 
Ganzen"  das  nicht  mehr  oder  noch  nicht  vollstandig  existierende 
"entwickelte  Ganze"  in  typischer  Gestalt  hergestellt  werden  kann. 
Ebenso  lassen  sich  die  nach  anderen  gestaltlichen  Stoningen  vorkom- 
menden  Selbstregulationen  in  mechanistischer  Weise  ableiten.* 

Was  fUr  allerdings  immer  noch  fiir  uns  wunderbare  Arten  von 
gestaltenden  Wirkungsweisen  hierbei  im  Speziellen  anzunehmen 
sind,  kann  hier  nicht  erortert  werden.  Aber  es  ist  wenigstens  nicht 
notig,  anzunehmen,  dass  fiir  diese  vielerlei,  in  den  speziellen  Fallen 
Uberaus  verschiedenen  Storungen  eine  zwecktatige  und  zweckmassig 
urteilende  Intelligenz  tatig  sei,  welche  die  geeigneten  Mittel  auswahle. 
Ebensowenig  ist  entsprechend  den  Auffassungen  jetziger  Vitalisten 
anzunehmen  dass  hierbei  das  "BedUrfnis"  als  etwas  Reelles  und 
Aktuelles  existiere  und  sich  an  der  Regulationsarbeit  "direct"  Ges- 
taltung  determinierend  und  realisirend  beteilige.  Sondem  wir  konnen 
Pfluger's  Satz  von  den  Regulationen  besonders  der  Erhaltungsfunk- 

'  Die  modemen  Teleologen  Cossmann,  Driesch,  Pauly,  Fran^^  u.  A.  Qber- 
gehen  consequent  diese  rein  mechanistische  Ableitune  des  teleologischen  HauDt- 
problemes  und  lassen  auf  diese  Weise  ihre  teleologiscne  Ableitung  als  notwenaig 
erscheinen.  Statt  ihrer  ''zweckmftssig"  gestaltenden  Seele  ii^nd  einer  Art 
brauche  ich  also  bios  physikaUsch-chemiscfie  Determinationen  und  entsprech- 
endes  Wirken,  wenn  auch  dieses  Wirken  seiner  Art  nach  im  einselnen  natOiiich 
gleichfalls  noch  unbekannt  ist:  die  gestaltenden  Beziehungen  zwischen  ent- 
wickelten  (expliciten)  Teilen  und  dem  unentwickelten  (impliciten)  Ganzen  des 
somatischen  Keimplasma  (1893  b  S.  842  u.  f.;  1893  c  S.  656;  oder  1895  II  S. 
842,  894).  Genauercs  Qber  diese  Teleologie  und  Psychomorphologie  sicher  Roux 
im  Arch.  f.  Intro.-Mech.  Bd.  24  S.  686,  Bd.  25  S.  720. 

Bei  den  Einwendun^en,  welche  diese  teleolorischen  Forecher  ^egen  meine 
Lehre  erheben,  berOcksichtigen  sie  nur  meine  Theorie  der  funktioneUen  An- 
passung  (1881);  doch  beruhen  die  Einwendungen  gegen  diese  Theorie  trots  des 
Bestrebens  der  Autoren,  sie  richtig  zu  beurteilen,  wesentlich  auf  IrrtOraem  der 
Interpretation  (wie  ich  anderen  Orts  dartun  werde)  und  haben  daher  nicht  die 
ihnen  von  ihren  Autoren  zugeschriebene  wideriegende  Bedeutung. 
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tionen  einen  fUr  die  Gestaltungsfunktionen  gilltigen  Satz  an  die  Seite 
stellen  und  dabei  von  den  "Bediirfniss"  absehen,  indem  wir  sagen: 

"Die  besondere  'Art'  jeder  gestaltliehen  Stoning  determinirt 
und  aktivirt  die  besondere  Art  der  regulatorischen  Leistung." 

Es  ist  ferner  nichts  bekannt  geworden,  was  bekundete,  dass  bei 
der  gleiehen  Stoning  am  gleichen  Objekte  nicht  stets  dieselbe  Regula- 
tion stattfande.  Dabei  ist  das  "gleiche"  Objekt  natUrlich  in  dem 
oben  erorterten  strengen,  auch  auf  das  Unsiehtbare  sich  ausdehnen- 
den  Sinne  "vollkommener"  Gleiehheit  zuverstehen.  Die  regulator- 
ischen Wirkungen  unterliegen  also  jedenfalb  auch  dem  Gesetze  der 
Bestandigkeit :  Gleiches  mit  Gleichem  giebt  Gleiches. 

Demnach  ist  auch  fUr  die  gestaltenden  Regulationen  der  Lebe- 
wesen  prinzipiell  die  Moglichkeit,  sie  zu  erforschen  gegeben. 

Ferner  ist  noch  zu  berUcksichtigen,  dass  eine  Einwirkung  unter 
verschiedenen  Moglichkeiten  bestimmen  kann,  welcher  von  den 
moglichen  Mechanismen  aktiviert  wird  (Roux,  1896  c  S.  428). 
C.  Herbst  vertrat  dies  des  Weiteren  auf  Gnind  eigener  Beobachtungen 
(1901 ).  Voraussetzung  bt,  dass  ein  und  dasselbe  embryonale  Substrat 
in  verschiedener  Weise  gestaltlich  reagieren  kann,  ein  Verhalten,  das 
ich  als  "elektive  Auslosung"  bei  "mehrfacher  Reaktionsfahigkeit 
des  embryonalen  Materiales"  bezeichnete  (1902  b  S.  658). 

Doch  ist  das  Prinzip  der  Bestandigkeit  auch  hier  keineswegs 
durchbrochen,  denn  nur  auf  verschiedene  Einwirkungen  reagirt 
dasselbe  Material  in  verschiedener  Weise.  Eine  Durchbrechung 
ware  nur  vorhanden,  wenn  ganz  das  gleiche  Material  auf  ganz  diesel- 
ben  Einwirkungen  in  mehrfacher  Weise,  d.  h.  zu  verschiedenen 
Zeiten  in  verschiedener  Weise  reagierte.  Es  ist  ubrigens  bei  diesem 
Vorkommniss  auch  nicht  einmal  erwiesen,  "  dass  wirklich  ganz  die- 
selben  Zellteile  verschiedene  Gestaltung  bestimmend  tatig  sind,  und 
dass  nicht,  wie  es  moglich  erscheint,  in  jedem  Falle  von  anderer 
Reaktion  die  Gestaltung  auch  von  anderen  kleinsten  Teilen  be- 
stimmt  und  ev.  auch  teilweise  realisirt  wird"  (Roux,  1902  b  S. 
658). 

Es  ist  hier  wiedenim  daran  zu  erinneni,  dass  im  Organismus 
fast  allenthalben,  d.  h.  wohl  in  jeder  Zelle,  zweieriei  Reaktionsma^ 
terial  vorhanden  ist:  entwickeltes  (explicites)  und  in  ihm  einge- 
schlossen  noch  keimplasmatisches,  unentwickeltes  (implicites). 

Die  Art  der  Reaktion  auf  eine  Einwirkung  hangt  daher  wesent- 
lich  mit  davon  ab,  ob  bios  das  entwickelte  Material  oder  auch  das 
noch  unentwickelte  Material  aktivirt,  zur  Reaktion  veranlasst  wird. 

Das  ist  ein  Wirkungsprinzip  von  grosster,  universeller  Bedeutung, 
auf  welchem  auch  die  mehrfache  Reaktionsfahigkeit  scheinbar  dessel- 
ben  Materials  in  manchen  Fallen  beruhen  kann.  In  Wirklichkeit 
ist  dann  in  verschiedenen  Fallen  gar  nicht  dasselbe  oder  nicht  bios 
dasselbe  Material  in  Tatigkeit  getreten. 

Wir  miissen  daher  auch  immer  zu  ermitteln  suchen^  ob  an  einer 
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Reaktion  bios  die  entwickelten  oder  auch  die  unentwickelten  Ma- 
terialieo  der  Zelle  beteiligt  sind. 

Es  hat  sich  also  nichts  ergeben,  was  bewiese,  dass  das  gestaltende 
G^chehen  der  Lebewesen  nicht  Itiekenlos  der  Causalitat  unter- 
sttinde,  dass  es  nicht  durchaus  qualitativ  und  quantitativ  "bestan- 
diges"  Gesehehen  sei.  Damit  betrachten  wir  die  Prage  der 
liiekenlosen  Causalitat  und  abo  auch  die  der  "prinzipiellen"  Erforsch- 
barkeit  des  individuellen  Entwicklungsgeschehens  als  erledigt. 

Diese  Erkenntnis  sehliesst  aber  leider  nicht  die  Folgerung  ein, 
dass  die  Erforschung  dieses  Geschehens  auch  empirisch  moglich  sei. 
Denn  was  prinzipiell  erforschbar  ist,  ist  darum  noch  keinesw^ 
auch  fiir  uns  empirisch  erforschbar.  Dies  ist  dadurch  bedingt,  dass 
wir  —  wie  oben  erortert  wurde  —  durch  unsere  Sinnesorgane  fiir  die 
Wahmehmung  ausseren  oder  inneren  Geschehens  nur  iiberaus  man- 
gelhaft,  luckenhaft  ausgeriistet  sind,  und  dass  auch  unsere  Wahmeh- 
mungsapparate  ausserst  fehlerhaft,  alles  Aufgenommene  qualitativ 
total  falschend,  angelegt  sind. 

III.  Ueber  die  "empirische"  Erforschbarkeit  des   organi- 

SCHEN   GeSTALTUNGSGESCHEHENS 

Wenn  wir  nun  naher  an  die  Frage  der  empirischen  Losbarkeit 
unserer  Aufgabe  herantreten,  so  erkennen  wir,  dass  bereits  die  vorste- 
hend  erwahnten  Verhaltnisse  des  organischen  Gestaltungsgeschehens 
die  Ermittelung  der  Faktoren  und  Wirkungsweisen  desselben  aufs 
ausserste  erschweren,  wenn  nicht  unmoglich  machen  werden.  Denn 
wir  sahen,  dass  es  ausser  den  tjrpischen  auch  atypische,  regulator- 
ische  Weisen  der  Herstellung  der  tjrpischen  Produkte  giebt. 

Dazu  kommt  noch,  dass  es  fiir  viele  tjrpische  G^staltungen  auch 
noch  zweierlei  typische,  in  ihren  ursachlichen  Wirkungsweisen  sehr 
verschiedene  Herstellungsmoglichkeiten  giebt.  Dies  gilt  von  den 
jenigen  Strukturen  und  ausseren  Gestaltungen  der  Organe,  welche  den 
Erhaltungsfunktionen  angepasst  sind.  Diese  sind  von  mir  als  "funk- 
tionelle"  Strukturen  und  Gestalten  bezeichnet  worden. 

Diese  Einsicht  veranlasste  mich  seiner  Zeit,  fiir  jedes  Organ  und 
auch  fUr  jedes  einz^lne  seiner  Gewebe  zwei  Perioden  der  typischen 
Ontogenese  aufzustellen  (1881, 1895  II  S.  1064:  Perioden).  Erstens: 
die  Periode  der  Bildung  ohne  gestaltende  Mitwirkung  der  Erhal- 
tungsfunktionen. Ich  nannte  diese  erste  Periode  descriptiv  a 
patiori  die  Periode  der  Organanlage;  causal  ist  sie  als  die  Periode 
der  selbstandigen,  das  heisst  von  den  Erhaltungsfunktionen  unab- 
hangigen  Gestaltungstatigkeit  zu  bezeichnen. 

Zweitens  die  Periode  der  gestaltenden  Wirkung  der  Erhaltungs- 
funktionen, also  die  Periode  der  funktionellen  Gestaltbildung,  wobei 
das  Wort  "funktionell"  sich  auf  die  Bildung  bezieht;  denn  funk- 
tionelle  G^taltung,  der  Erhaltungsfunktion  angepasste  Grestaltung 
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wird  auch  durch  die  erstere  Periode  hervorgebracht,  also  ohne  dass 
diese  Funktion  an  der  Gestaltbildung  beteiligt  ist. 

Zwischen  beiden  Perioden  li^  eine  Uebergangsperiode  der 
gleichzeitigen  Wirkung  beider  Prinzipien:  also  eine  Periode 
doppelten  Bestimmtseins.  Diese  Perioden  grenzen  sich  flir  jedes 
Organ  sowie  fiir  jedes  seiner  verschiedenen  Gewebe  zu  anderer  Zeit 
ab,  schon  deshalb,  weil  die  Periode  der  funktionellen  Gestaltbildung 
natiirlich  erst  nach  dem  Beginne  der  Funktionierungdes  Gewebes  resp. 
Organes  beginnt.  Daher  ist  bei  jeder  der  derzeitigen  Erhaltungs- 
funktion  angepassten  typischen  G^talt  und  Stniktur  noch  zu  fragen 
und  zu  erforschen,  ob  diese  Gestaltung  durch  die  gestaltenden  Wir- 
kungsweisen  der  ersten  oder  der  zweiten  Periode  verursacht  worden 
ist,  oder  wie  weit  beide  Arten  des  Geschehens  beteiligt  waren  (s.  Roux, 
1906  b  S.  467  und  dessen  Schuler  Meyburg  S.  627). 

Es  sind  jetzt  zwei  Fragen  zu  behandeln : 

Konnen  wir  iiberhaupt  unsichtbares  Entwieklungsgesehehen 
ermitteln  ?,  und 

Konnen  wir  die  verschiedenen  Hauptarten  desselben,  das  "ty- 
pische"  und  das  "atypische''  regulatorische  Geschchen  von  einander 
sondem,  und  jedes  als  solches  erkennen  ? 

Die  erste  Frage  angehend,  so  wurde  schon  erwahnt,  dass  wir  das 
unsichtbare  Geschehen  nur  "erschliesscn"  konnen  und  zwar  aus 
seinen  Ergebnissen  auf  experi  men  telle  Eingriflfe. 

Das  dazu  geeignete  Experiment  istalleindas  "analytische"  Expe- 
riment. Eine  geistige  Analyse,  die  Zerlegung  des  Gescheheas  in 
ursachlich  verschieden  bedingte  Arten  des  Geschehens,  muss  dem 
Experiment  vorausgegangen  sind.  Im  allgemeinen  sind  daher  von 
jedem  Geschehen  die  besonderen  Faktoren  seines  Ortes,  seiner  Zeit, 
seiner  Grosse,  Richtung  und  zuletzt  erst  seiner  Qualitat  durch  solche 
analytischen  Versuche  in  Angriff  zu  nehmen.  Dariiber  und  liber  die 
Art  der  Anstellung  solcher  Experimente  sowie  iiber  die  Art  der  Deu- 
tung  ihrer  Ergebnisse  habe  ich  mich  wiederholt  geaussert,  sodass  wir 
hier  von  eingehender  Erorterung  absehen  konnen  (1894,  1897). 

Das  Prinzipielle  dieser  Forschung  ist  kurz  Folgendes : 

1.  Aus  der  Tatsache  der  sofortigen  Aenderung  eines  Korperteiles, 
bei  Aenderung  oder  Entfernung  eines  anderen,  oder  aus  einer  der 
primarencten  der  resp.  Entfernung  nachfolgenden  Reaktion  eines  an- 
deren Teiles  folgem  wir  als  Tatsache  eine  causale  Beziehung  zwischen 
beiden  Teilen,  wobei  es  zunachst  zweifelhaft  ist,  ob  sie  eine  direkte 
oder  eine  nur  indirekte,  durch  einen  dritten  Faktor  vermittelte  ist. 

2.  Aus  der  Art  der  soforten  Aenderung  oder  der  nachfolgenden 
Reaktion  konnen  wir  einen  Schluss  auf  die  Art,  d.  h.  auf  die  Wir- 
kungsweise  und  daraus  auf  die  Eigenschaft  des  reagierenden  Sub- 
strates Ziehen.     Dieser  Schluss  ist  aber  nur  unbestimmt. 

3.  Die  Reaktionen  ein  und  desselben  Substrates  auf  verschieden- 
artige  Einwirkungen  gestatten  zusammen  einen  genaueren  Schluss 
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auf  die  Wirkungsweise  und  die  Beschaflfenheit  des  rea^erenden 
Sul)strates;  dies  besonders,  wenn  die  Reaktionen  verschiedenartige 
sind.  Bind  sie  trotz  ursaehlieh  verschiedenartiger  Einwirkung  gleich- 
artig,  so  bekunden  sie  dass  nur  Auslosungen  der  Tatigkeit  eines  noch 
in  sich  "geschlossenen"  Reaktionscomplexes  stattgefunden  haben. 

Die  Anwendung  "verschiedenartiger  analytischer  Versuche"  an 
demselben  Objekt  ist  daher  das  grosse  Mittel  zum  Erschliessen  der 
"Art"  des  unwahrnehmbaren  Geschehens  und  der  Qualitat  seiner 
Faktoren  (s.  Roux,  1892  a  S.  440  oder  1895  II  S.  89  u.  S.  1015; 
1894  S.  14). 

Es  ist  nun  die  zweite  Prage  zu  erortern: 

Woran  konnen  wir  das  "typische"  Entwicklungsgeschehen  vom 
atypischen  unterscheiden,  also  woran  ist  das  typische  Gesehehen  als 
solehes  zu  erkennen? 

Zunachst  ist  zu  erwahnen,  dass  manche  Autoren  die  Unterschei- 
dung  einer  typisehen  Entwicklung  in  unserem  Sinne,  d.  h.  einer  On- 
togenese,  bei  welcher  alles  Gesehehen  regulationslos  in  typisch  fest- 
bestimmten  Bahnen  verlauft  von  vornherein  zuriickweisen.  Sie 
konnten  sich  diarauf  stUtzen,  dass  eine  ohne  jede  Regulation  verlau- 
fende  individuelle  Entwicklung  wegender  nie  ganz  fehlenden  storenden 
ausseren  Einwicklungen,  sei  es  auf  das  erst  in  der  Bildung  begriflFene 
oder  auf  das  bereits  entwicklungstatige  Keimplasma,  in  keinem 
Einzelfalle  streng  und  rein  vorkommen  kann. 

Trotzdem  aber  muss  die  causale  Forschung  aus  analytischen 
Griinden  typisches  also  regulationsloses  Entwicklungsgeschehen  un- 
terscheiden, genau  so,  wie  die  descriptive  Anatomic  fiir  die  geformten 
Produkte  des  Entwicklungsgeschehens  einen  Typus  der  Species,  die 
sogenannte  Norm,  aufstellt,  obgleich  es  kein  Einzelwesen  giebt,  in 
dem  nicht  mancherlei  Abweichungen  von  diesem  Typus  vorhanden 
sind. 

Denn  da  das  Typische  als  von  vornherein  genau  determinirtes 
Entwicklungsgeschehen  von  dem  regulatorischen  wesentlich  verschie- 
den  sein  muss,  so  muss  die  Forschung  auch  beide  moglichst  scheiden, 
sofern  beiderlei  Gesehehen  in  einer  Ontogenese  vorkonmit.  Dies  muss 
selbst  in  den  Fallen  gesehehen,  in  welchen  der  Anteil  der  typisehen 
Gestaltungsweise  an  der  einzelnen  Ontogenese  nur  ein  geringer  bt 
Ich  vertrete  die  Ansicht,  dass  ursprlinglich  die  Ontogenese  in 
hohem  Masse  regulatorisch  war,  dass  erst  mit  der  Ausbildung  der 
"Sicherungen"  sowie  der  Schutzvorrichtungen  an  den  Eiem  gegen 
Sussere  Einwirkungen  ein  typisch  strenger  Verlauf  der  Entwicklung 
grossen  Anteil  an  der  Entwicklung  gewann,  so  dass  die  Ontogenese 
moglich  wurde,  und  erst  allmalig,  bei  den  hoheren  Lebewesen  einen 
allmSlig  "fester  mechanisiert"  wurde  (1892  b). 

Es  muss  nun  aber  zunfichst  erwiesen  werden,  ob  es  solehes  nicht 
regulatorische  Entwicklungsgeschehen  giebt.  Woran  konnen  wir 
dieses  Gesehehen  erkennen? 


Digitized  by 


Google 


ENTWICKLUNGSVORGANGE  DER  LEBEWESEN       451 

Es  ist  von  vomherein  denkbar,  dass  die  typischen  und  die 
atypischen,  speciell  regulatorischen  Entwicklungsvorgange  hochgradig 
von  einander  verschieden  sein  konnen.^  Denn  die  typische  Gestal- 
tungs  weise  kann,  weil  sie  fest  normiertes  Geschehen  ist,  unter 
"Selbstdiflferenziening"  vieler,  sei  es  grosser  oder  auch  kleiner  Teile 
verlaufen  wenn  auch,  wie  ich  stets  betont  habe,  jeder  dieser  kleinsten 
Selbstdifferenzierungsbezirke  nur  durch  differenzierende  Wechsel- 
wirkungen,  durch  sogenannte  gestaltende  Correlationen,  seiner 
Unterteile  sich  diflFerenziert.  Zu  dem  regulatorischen  G^taltungs- 
geschehen  sind  dagegen  weitergreifende  gestaltende  Correlationen, 
namlich  zwischen  den  noch  typiseh  beschaffenen  Teilen  und  den 
gestorten  Teilen  oder  bei  Defekten  vielleicht  zwischen  alien  oder 
vielen  Teilen  unerlasslieh  notig.  Dies  gilt  zum  mindesten  von  der 
regulatorischen  "Determination"  der  Gestaltungen. 

Die  erstere  Moglichkeit  hat  sich  nun  bereits  bewahrheitet.  Denn 
Trolations-  und  die  Anstichversuche  an  Eiern  zeigten,  dass  vielfach 
SelbstdiflFerenzierung  von  Teilen  des  Keimes  vorkommt,  dies  sogar 
in  gewissem  Sinne  vom  hochsten  Grade,  indem  Selbstdifferenzierung 
jeder  der  beiden  ersten  Blastomeren,  sich  bekundete.  Ausserdem 
wurde  auch  Selbstdifferenzierung  vieler  einzelner  spaterer  Zellen 
resp.  der  Komplexeihrer  Nachkommen  erkannt. 

Wenn  aber  ein  isolirter  Teil  eines  tjrpischen  Ganzen  fiir  sich 
allein,  somit  ohne  gestaltende  Einwirkung  des  anderen  Teiles  dieses 
Ganzen  sich  zu  dem  seiner  Lage  im  Ganzen  entsprechenden,  typiseh 
gestalteten  Abschnitte  entwickelt,  so  geschieht  dies  also  "ohne 
differenzierende  regulierende  Einwirkungen"  der  ubrigen  Teile  des 
Ganzen  auf  ihn.  Derselbe  Schluss  ist  zd  ziehen,  wenn  der  eine  Teil 
des  Eies  zwar  nicht  ganz  entfernt  aber  abgetotet  oder  auch  nur  seiner 
eigenen  Entwickelungsfahigkeit  beraubt  ist  (s.  Roux  1905  S.  282, 
Stiebwort:  Selbstdifferenzierung). 

Die  Selbstentwicklung  eines  Eiteiles  liefert  somit  typische  Produkte 
ohne  regulierende  Einwirkung  des  Ganzen.  Daraus  folgt  mit  logi- 
scher  Notwendigkeit,  dass  die  betreffenden  Entwicklungsvorgange  von 
vornherein  inden  Blastomeren  typiseh  determinirt  sind.  Und  aus 
dem  Vorkommen  solcher  Selbstdifferenzierung  folgt  weiterhin  trotz  des 
Widerspruchs  von  O.  Hertwig  und  H.  Driesch  mit  absoluter  Sicher- 
heit,  dass  es  eine  besondere  typische,  von  der  regulatorischen  ver- 
schiedene  Entwicklungsart  giebt.  Wie  verbreitet  diese  im  Tierreich 
vorkommt,  ist  eine  specielle  Frage,  die  nur  durch  viele  experimentelle 
Einzelerfahrungen  beantwortet  wurden  kann.' 

*  Von  den  atypischen  aber  nicht  regulatorischen  Gestaltungsvorgftngen  sehen 
wir  hier  ab ;  sie  bringen  Missbildungen  hervor,  die  uns  hier,  wo  uns  die  Erf orsch, 
ung  der  Herstellung  der  "typischen"  Produkte  der  Entwickelung  beschftftigt- 
nicht  interessieren. 

*  Da  die  typische,  durch  "Selbstdifferenzierung  von  Teilen"  eines  Lebewesens 
charakterisierte  Entwickelung  erst  bei  hdheren  Lebewesen  z.  B.  Klenophoren, 
Amphibien  in  festerer  Weise  vorkommt,  habe  ich  gefolgert,  dass  sie  phykgenetisch 
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Wir  konnen  daher  den  allgemein  gUltigen  Satz  formulieren : 

"  Selbstdifferenzierungsgeschehen  von  einzelnen  Teilen "  eines 
Keimes  oder  Embryos,  welches  typische  Produkte  liefert,  ist  "in  der 
Hauptsache  typisches,"  das  heisst  regulationsfreies  Entwicklungs- 
geschehen.* 

Es  sei  aber  sogleich  erwahnt,  dass  die  Selbstdifferenzierung  von 
Teilen  mindestens  in  irgend  einer  Instanz  oder  auch  in  mehreren 
libergeordneten  Instanzen  stets  durch  differenzierende  Correlationen 
von  Unterteilen  aufeinander  bewirkt  werden  muss,  da  sich  nichts 
ganz  von  selber  verandem  kann,  und  da  die  individuelle  Entwicklung 
nieht  prinzipiell  nur  aus  lauter  Auslosungen  bestehen  kann,  wie  dies 
jedoch  Driesch  (1894)  vertritt.  In  letzter  Instanz  muss  jede  Diflferen- 
zierung  ^urch  differenzierende  Wirkungen  von  Teilen  auf  einander 
hervorgebraeht  werden  (Roux,  1896  d  S.  481,  1896  b,  1902  a). 

Ein  von  uns  ermittelter  Selbstdifferenzierungsteil  kann  noch  ein 
oder  mehrere  Mai  aus  der  Selbstdifferenzierung  fahigen  Unterteilen 
bestehen,  besonders  wenn  er  wieder  aus  Zellen  zusammengesetzt  ist. 

Durch  die  ermittelte  Selbstdifferenzierung  eines  Bezirkes  erfahren 
wir  aber  nur  etwas  liber  die  "Oertlichkeit"  seiner  Entwicklungsfak- 
toren,  namlich,  dass  mindestens  alle  zu  seiner  tjrpischen  Entwicklung 
notigen  "  determinierenden  "  Faktoren  in  dem  Bezirke  gelegen  sind. 
Wir  erfahren  aber  nichts  uber  die  "wirkende  Beschaffenheit"  dieser 
Faktoren  und  uber  ihre  Wirkungsweisen. 

erst  spftter  erworben  ist,  wfthrend  frQher  das  regulatorische  GestaRung8g;e8chehen 
die  Ontogenese  beherrschte,  und  zwar  je  frtmer,  mit  um.  so  weitgreifenderen 
Regulationen. 

Die  regulatorischen  Gestaltungsweisen  sind  demnach  phylogenetisch  das 
''primare*'  Gestaltungsgeschehen  und  konnten  erst  mit  dem  zimehmenden  Schuti 
des  Eies  vor  ftusseren  st6renden  Einwirkungen  als  gew6hnliches  Vorkommen 
eingeschrftnkt  und  durch  festere  Mechanisierung  ersetzt  werden. 

Ich  unterscheide,  soweit  eine  solche  Unterscheidung  uns  Qberhaupt  mOglich 
ist,  zweierlei  Gruppen  von  Regulationen  in  der  Ontogenese : 

Erstens  die  "normalen"  Regulationen  als  diejenigen,  welche  bei  der  normalen 
Entwicklung  vorkommen.  Unter  normaler  Entwicklung  ist  die  regelm&ssig,  also 
in  mehr  als  50%  der  F&lle  ''  in  der  freien  Natur  vorkommende"  Entwicklung 
vefetanden. 

Zweitens  ''anormale,"  oder  abnorme  Regulationen,  welche  die  Regulationen 
der  Qbrigen  F&lle,  also  die  bei  seltneren  und  wol  oft  auch  st&rkeren  Stdrungen 
vorkommenden  Regulationen  umfassen. 

Driesch  will  statt  dieser,  wie  mir  scheint,  der  Sachlage  an^messenen  und  fflr 
sich  allein  verstftndlichen  Bezeichnungen  andere  Namen  einfQhren;  statt  der 
normalen  Regulationen  die  Bezcichnimg  prim&re  Regulationen,  statt  anormale 
sekundare  Regulationen. 

Ich  halte  diese  Umtaufung  weder  fiir  notig.  noch  auch  fiir  gut,  da  diese  Be- 
zeichungen  willkQrlich  und  tiberflOssig  sind  una  vielleicht  auch  der  Phylogenese 
widersprechen.  Denn  die  "  jetzigen  anormalen  starkeren,  nach  Driesch  sekun- 
dftren  Regulationen  sind  wol  eher  als  den  phylogenetisch  frQheren,  also  prim&ren, 
entsprechend  zu  beurteilen. 

*  Aber  an  und  in  jedem  solchen  einzelnen  Telle  konnen  natUrlich  auch  wieder 
Storungen  von  aussen  bewirkt  werden  oder  durch  innere,  schon  im  Keimplasma 
enthalt«ne  Abweichung  nach  Aktivierung  desselben  entstehen;  und  diese  Std- 
rungen  konnen  mehr  oder  weniger  durch  regulatorische  Wirkung  der  nicht  ge- 
storten,  also  noch  typischen  Unterteile  dieses  Teiles  ausgeglichen  werden. 
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Weiterhin  hat  sich  gezeigt,  dass  viele  dieser  Selbstdiflferenzienings- 
bezirke  sehr  klein  sind,  dass  sie  einzelne  Zellen  des  Soma  darstellen. 
Andererseits  ergab  sich  auch,  dass  bestimmte  G)mplexe  von  Zellen, 
welche  vielleicht  Nachkommen  einer  und  derselben  friiheren  oder 
spateren  Furchungszelle  sind,  weitergehende  SelbstdifTerenzierungs- 
fahigkeit  haben,  als  die  gleichfalb  der  Selbstdifferenzierung  fahigen 
nachsten  Unterteile,  sodass  also  diese  Unterteile  gleichzeitig  mit  ihrer 
Selbstdifferenzierung  aufeinander  differenzierend  wirken  und  so  die 
hohere  Differenziening  des  ganzen  G)mplexes  bewirken. 

Bei  sehr  kleinen  Differenzierungsbezirken  sind  aber  die  einzelnen 
Unterteile  schwer  oder  gar  nicht  fUr  sich  allein  mechanisch  angreifbar 
und  alterierbar.  leh  glaube  indess,  wir  brauchen  wegen  der  Klein- 
heit  dieser  Bezirke  noch  nicht  auf  ihre  "  Erschliessung,"  d.  h.  auf  Er- 
mittlung  von  zwischen  ihren  Unterteilen  stattfindenden  Wirkungen 
zu  verzichten.  Denn  wenn  hier  auch  die  mechanischen  Mittel  der 
Abtrennung  sowie  der  Totung  oder  Verlagerung  von  uns  bestimmter 
XJnterteile  oder  auch  die  bestimmte  kunstliche  Defonnation  des 
einzelnen  Bezirkes  versagen,  so  bleibt  uns  noch  das  Mittel  der  che- 
mischen  Einwirkung.  Diese  ist  allerdings  meist  diffus.  Ausserdem 
sind  noch  gleichfalls  diffuse  physikalische,  z.  B.  thermische,  elektrische 
etc.    Einwirkungen  anwendbar. 

Erfahrungsgemass  aber  wirken  alle  diese  diffus  sich  verbreitenden 
Agentien  nicht  gleichmassig  auf  das  in  seinen  Teilen  sehr  verschieden- 
artige  lebende  Substrat.  Sondern  einzelne,  besonders  qualifizierte 
Telle  desselben  werden  von  jedem  diffus  einwirkenden  Agens  in 
besonderer  Weise  und  Starke  beeinflusst.*  Allerdings  miissen  wir 
nach  solchen  diffusen  Einwirkungen  und  den  ihnen  folgenden  Reak- 
tionen  die  reagierenden  Telle  erst  ermitteln,  wahrend  wir  sie  bei  dem 
bestimmt  lokalisierten  mechanischen  Eingriff  wenigstens  der  Haupt- 
sache  nach  von  vomherein  kennen.  Aber  durch  die  consequente 
methodische  Anwendung,  besonders  durch  "  successive  Anwendung 
verschiedener  solcher  diffusen  Mittel  auf  dasselbe  Substrat "  wird  es 
wohl  moglich  sein,  auch  das  Wirken  relativ  kleiner  Selbstdifferen- 
zierungsbezirke  unserem  Erkennen  zu  erschliessen.  Auf  diese  Weise 
kann  manche  wichtige  analytische  Einsicht  gewonnen  werden.  Dies 
wird  in  ahnlicher  Weise  moglich  sein,  wie  es  dem  Chemiker  gelungen 
ist,  einen  gewissen  geistigen  Einblick  in  die  unsichbare  typische 
Struktur  der  Atomgruppirungen  der  chemischen  Verbindungen  zu 
gewinnen.  Wenn  ich  nicht  irre,  sind  Curt  Herbst,  Jaques  Loeb,  und 
ihre  Nachfolger  bereits  auf  einem  Wege,  der  bei  ausdauernder  Weiter- 
verfolgung  zu  solchen  wichtigen  feinen  analytischen  Ergebnissen 
fiihren  kann.^ 

*  So  erhielt  ich  z.  B.  durch  Einwirkung  von  Bors&ure  auf  Froschblastulae 
bei  ^eeigneter  Koncentration  nur  Abtdtung  der  Zellen  der  Medullarplatte  (Fram- 
boista  meduUarUf  Amyelia  und  "  Teleskopf orm  "  der  Nase.  1895  Bd.  II  S.  152, 
887). 

*  Die  Selbstdifferenzierung  abgegrenzter  Bezirke,  also  die  SelbstdeteiTnina- 
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Woran  erkennen  wir  nun  aber  weiterhin  das  diflferenzierende  Ge- 
schehen  selber  als  **  typisches,"  wenn  wir  einen  Selbstdiflfereiizie- 
rungsbezirk,  wie  ibn  ja  auch  das  befruchtete  Ei  im  Ganzen  darstellt 
(Roux,  1884),  aufgeschlossen,  d.  h.  die  in  ihm  durch  Wirkung  der 
Unterteile  aufeinander  stattfindenden  Gestaltungsvorgange  auf  Gnind 
von  Experimenten  mehr  oder  weniger  erschlossen,  also  unserer  Kennt- 
nis  zugef uhrt  haben  ?  Dies  ist  um  so  schwieriger,  als  es  moglich  ist, 
dass  die  Art  des  experimentellen  EingrifiPs  die  Art  des  Reaktion 
alteriert. 

Flir  diese  fundamentale  notige  Unterseheidung  giebt  es  leider 
keine  sicheren  allgemeinen  Merkmale.  Nur  fUr  die  "Resultate"  der 
eigentlichen  Gestaltungsvorgange  lasst  sich  zur  Zeit  die  Wahrschein- 
liehkeitsregel  formulieren : 

Gestaltbildungen,  welche  naeh  einer  experimentellen  Einwirkung 
auf  den  Keim  oder  Embryo  in  alien  Stadien  vollkommen  unter  den 
typischen  sichtbaren  Formen-  und  Strukturwandlungen  erfolgen, 
werden  sehr  wahrscheinlich  auch  durch  die  "typischen"  Wirkungs- 
weisen  hervorgebracht. 

Dieses  "wahrscheinlich"  wiirde  durch  ein  "stets"  ersetzt  werden 
konnen,  wenn  wir  nicht  bios  das  grobere  das  tertiare  und  quaternare 
Gestaltungsgeschehen,  das  Ergebnis  des  primaren  und  sekundaren 
Geschehens  sahen,  sondem,  wenn  wir  wenigstens  noch  das  sekundare 
Geschehen  beobachten  konnten. 

Im  Gegensatz  dazu  durfen  wir  sagen : 

Gestaltbildungen,  welche  unter  "  atypischen/*  sichtbaren  Formen- 
und  Strukturwandlungen  hergestellt  sind,  sind  sicher  mindestens 
teilweise  durch  atypische  Faktoren  und  atypisches  Wirken  her- 
vorgebracht. 

Die  "typischen  Formen-  und  Strukturwandlungen"  sind  dabei, 
entsprechend  der  oben  gegebenen  Definition  der  tjrpischen  Ent- 
wicklung,  diejenigen,  welche  ohne  alle  ausseren  determinierenden 
Einwirkungen  von  einem  typisch  beschaflfenen  Ei  hervorgebracht 
werden  (s.  Roux  1905). 

In  dieser  f Ur  jeden  Einzelfall  noch  viele  Zweifel  lassenden  Sachlage 
haben  wir  aber  noch  ein  weiteres  wesentliches  Mittel,  um  die  Zweifel 
zu  mildem  und  zu  grosserer  Sicherheit  fortzuschreiten.  Das  ist  die 
"successive  Anwendung  moglichst  verschiedenartiger  Einwirkungen 
auf  dasselbe  Substrat"  (Roux  1892  aS.  440;  1895  S.  89, 1015;  1894  S. 

tion  der  "  kOnftigen  **  Entwickelung  dieser  Bezirke,  wird  aber  keineswefn  das 
einzige  Eigenartige  der  "  typischen  Entwickelung  sein.  Sondem  die  difieren- 
zierenden  Wechselwirkungen  innerhalb  dieser  Bezirke  werden  von  differenzieren- 
den  Vorgangen  der  regulatorischen  Entwickelung  derselben  Teile  wesentlich  ver- 
schieden  sein,  um  so  mehr  verschieden,  je  hochgradiger  die  Regulation  ist.  Das 
ergiebt  sich  schon  daraus,  dass,  wie  oben  dargelegt  wurde,  die  regulatorische 
Entwickelung  unter  "  weitergreif enden "  differenzierenden  Wirkungen  statt- 
finden  muss,  sodass  die  in  der  Bildung  begriffenen  Teile  trotz  der  stattgehabten 
Stoning  in  zu  dem  Uebrigen,  dem  bereits  Entwickelten  in  typisch  pasaender  Weiae 
hergestellt  werden  k5nnen. 
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14).  Diejenigen  Folgerungen,  welche  beikritischer  Interpretation  der 
einzelnen  unter  sich  verachiedenen  Versuche  als  das  Gremeinsame 
aller  Versuche  sich  ergeben,  haben  die  grossere  resp.  grosste  Wahr- 
scheinlichkeit  fiir  sich. 

Mit  der  weiterschreitenden  Kenntnis  werden  wir  dann  also  auch 
noch  das  bereits  ab  "wahrscheinlicb  typisch"  zu  beurteilende  Ge- 
schehen  als  Basis  benutzen,  um  zu  priifen,  ob  bei  ahnlichen  Gestalt- 
bildungen  Ursachen  oder  Zeugnisse  fiir  Abweichungen  von  ihm 
vorhanden  sind. 

Um  dies  zu  erlautern,  sei  noch  kurz  ein  Beispiel  angefuhrt.  Es  war 
behauptet  worden,  der  Versuch,  in  dem  ich  mit  Zwangslage  Froscheier 
einige  Tage  uber  die  normale  Dauer  hinaus  in  ihrer  anfanglichen, 
von  selber  eingenommenen,  also  zunachst  normalen  Lage  erhalten 
hatte,  hatte  bewirkt,  dass  die  Entwicklung  mit  90-120^  abnormer 
Lage  der  Teile  des  Embryo  im  Verhaltnis  zur  Eiaxe  und  zu  den 
beiden  Eipolen  verlaufen  ware.  In  diesem  Falle  miisste  aber  die 
Schwerkrait  hochgradig  in  abnormer  Weise  determinierend  und  dif- 
ferenzierend  gewirkt  haben.  Da  aber  meine  und  Boms  Versuche  mit 
Zwangslage  in  abnormer  Stellung  am  Anfange  der  Entwicklung  des 
Eies  ergeben  batten,  dass  die  Schwerkraft  in  keiner  anderen  Weise 
als  nur  umordnend  auf  die  noch  grosse  Menge  leicht  gegeneinander 
verschieblicher,  halbfliissiger  ungleich  spezifisch  schwerer  eimassen 
wirkt;  da  femer  zu  unserer  Zeit  das  Ei  schon  in  Hunderte  von 
Zellen  zerlegt  war,  wodurch  das  Material  derartig  gegeneinander 
fixiert  i2»t,  dass  eine  so  hochgradig  umordnende  Wirkung  der  Schwer- 
kraft nicht  mehr  moglich  ist,  so  konnte  die  Behauptung,  dass  durch 
die  fiir  diese  spatere  Zeit  abnorme  Stellung  der  Eier  eine  hochgradig 
atypische  Entwicklung  bewirkt  worden  sei,  als  unwahrscheinlich 
zuriickgewiesen  werden. 

Da  ausserdem  aber  drittens  meine  Versuche  mit  bestimmt  loka- 
lisierten  Anstichmarken,  sowie  auch  mit  Pressung  der  Eier  zwischen 
senkrechten  Flatten  (1888  b),  im  Wesentlichen  auf  dasselbe  erstere 
Ergebnis  der  Lokalisation  der  Embryoteile  im  Ei  hinwiesen,  so  war 
die  obige  Behauptung  sicher  als  unrichtig  erkannt  trotz  dem  erheb- 
liche  bei  verschiedenen  Froschspecies  vorkommende  Variationen 
in  ersterem  Sinne  denkbar  zu  sein  schienen  (s.  Roux  1905  S.  165). 

Dieser  Beweis  des  "typischen"  Geschehens  war  also  durch  Kom- 
bination  der  Ergebnisse  ganz  verschiedenartiger  Versuche  gewonnen. 

Ueberblicken  wir  das  Ergebnis  unserer  Erorterung. 

Es  hat  sich  gezeigt,  dass  die  Sachlage  in  erkenntnistheoretischer 
wie  empirischer  Beziehung  eine  iiberaus  complicierte  und  fiir  die 
entwicklungsmechanistische  Forschung  ausserst  schwierige  ist.  Er- 
stens,  da  das  typische  Gestaltungsgeschehen  von  vomherein  allein 
im  Keime  "determinirt*'  ist.  zugleich  ein  Zustand  wie  er  ahnlich 
in  anorganischen  Verbal tnissen  nicht  vorkommt;  zweitens,  da  diese 
Determinationsfaktoren  unsichtbar  sind;  drittens,  da  fast  allenthalben 
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^ntwickeltes  und  unentwickeltes  noch  totipotentes  Material  zugleich 
vorhanden  ist;  viertens,  da  das  primare  oft  auch  noch  das  sekundare 
Wirken  unsichtbar  ist,  und  erst  die  Ergebnisse  dieses  Wirkens  wahr- 
nehmbar  sind.  Weil  infolgedessen  auch  unsichtbare  Variationen  der 
wirkenden  Teile  sichtbare  Variationen  der  Wirkungen  geben,  so 
werden  wir  auch  oft  mit  scheinbar  gleichem,  aber  in  Wirklichkeit 
ungleichem  Material  experimentieren  und  auch  aus  diesem  Grunde 
wechselnde  Ergebnisse  erhalten.  Dazu  kommt  noch  die  Hervor- 
bringung  der  "typischen"  Produkte  auf  zweieriei  sehr  verschiedene 
Weisen,  auf  typische  und  regulatorische  Weise. 

In  dieser  so  uberaus  schwierigen  Lage  hilft  nur  die  Anwendung 
sehr  verschiedenartiger  analytischer  Experimente  an  demselben  Sub- 
strat  und  die  in  so  grosser  Zahl  fortgesetzte  Wiederholung  der  Ex- 
perimente, dass  sich  zuletzt  auch  in  grosser  Majoritat  Gruppen  von 
bestandigem  Wirken  ergeben,  bis  wir  doch  noch  "bestandige  Wir- 
kungsweisen"  ermittelt  hal)en.  Die  Bestandigkeit  der  Reaktion  ist 
das  einzig  sichere  Merkmal  der  Richtigkeit  einer  ermittelten  causalen 
Beziehung,  einer  realen  Wirkungsweise.* 

Je  schwieriger  aber  unsere  Aufgaben  sind,  denen  an  Schwie- 
rigkeit  auf  den  anorganischen  Forschungsgebieten  kaum  etwas  ver- 
gleichbar  ist,  um  so  mehr  muss  es  uns  anreizen,  diese  Schwierigkeiten 
durch  unablassige  Arbeit  zu  uberwinden. 

Infolge  dieser  Schwierigkeit  und  der  grossen  Zahl  der  Fehlerquel- 
len  ist  es  naturlich,  dass  fortwahrend  tiefgehende  Meinungsverschie- 
denheiten  auftauchen.  Je  lebhafter  indess  der  Widerstreit  der 
Meinungen  entbrennt,  um  so  rascher  und  sicherer  wird  unsere  Er- 
kenntnis  fortschreiten. 

Solchem  Wettstreit  haben  wir  die  fiir  die  kurze  Arbeitszeit  von 
wenig  mehr  als  zwei  Dezennien  uberaus  reichen  Ergebnisse  auf  un- 
serem  neuen  Arbeitsgebiete  zu  verdanken,  Ergebnisse,  an  welchen 
den  Forschern  dieses  Landes  ein  ganz  hervorragender  Anteil  zu- 
kommt. 

Arbeiten  wir  auch  an  sich  rein  um  der  Wissenschaft,  um  der 
Erkenntnis  willen,  so  ist  doch  die  Aussicht  nicht  verschlossen,  dass  die 
Ergebnisse  unserer  Arbeit  der  Menschheit  auch  praktisch  zu  Gute 
kommen  werden.    Wie  nach  Entdeckung  der  Ursache  einer  Krank- 

*  Dazu  ist  aber  notig,  dass  immer  dieselben  Faktoren  eliminiert  oder  alte- 
riert  werden,  und  dass  nicht  zugleich  noch  andere  Faktoren  abge&ndert  werden. 
Es  ist  die  besondere  Schwierigkeit  der  "  analytischen  "  Forschung,  dies  zu  ej> 
reichen.  Andemfalls  hat  man  ganz  andere  Versuche  angestellt,  als  man  woUte 
und  glaubte,  und  ist  daher  nicht  bere^htigt,  aus  dem  dann  nattirlich  auch  ande- 
ren  Ergebnis  Schltisse  auf  die  Unrichtigkeit  der  abweichenden  Ergebnisse  anderer 
Autoren  abzuleiten,  wie  dies  jetzt  noch  z.  B.  ge^enOber  machen  meiner  analyti- 
schen Versuche  geschieht,  nachdem  allm&hlich  die  Ergebnisse  mehrerer :  wie  die 
Halbbildungen,  die  Postgeneration,  die  bei  den  nicht  am  Boden  festsitzenden 
Tieren  nicht  "typische"  Gestaltungen  determinierende  oder  realisierende  Wir- 
kung  der  Schwerkraf t,  der  Cjrtotropismus  und  die  sonstigen  "  Selbstordnungen  ** 
der  Zellen,  die  Wirkung  der  Bef ruchtung  auf  eine  "  typische  "  Bestimmung  der 
Medianebene  im  Frosch  u.  a.  Bestatigimg  gefimden  haben. 
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belt  die  Heilung  derselben  mit  mehr  Erfolg  in  Angriff  genommen 
werden  kann,  so  wird  auch  nach  der  Erkenntnis  von  Faktoren, 
z.  B.  des  Wachstums  oder  der  Diflferenzierung  von  Tielen  des  Rlen- 
schen  solches  Geschehen  auch  eher  von  uns  beeinflusst  werden  kon- 
nen.  Wenn  wir  auch  nicht  den  Homunculus  in  der  Retorte 
hervorbringen  konneu,  so  werden  wir  doch  vielleicht  lemen,  den  auf 
die  naturliche  Weise  zum  Entstehen  gebrachten  Menschen  wahrend 
seiner  postembryonalen,  oder  schon  wahrend  der  embryonalen  Ent- 
wicklung  in  mancher  Beziehung  giinstig  zu  beeinflussen.  Da  aber 
die  Entwicklung  eines  Lebewesens  im  hauptsachlichsten  "Selbst- 
differenzierung"  seines  Keimes,  also  Ausbildung  der  in  dem  Keim 
enthaltenen  Anlagen  ist,  werden  wir  zwar  die  Entwickelung  nie  in 
ihrer  Art  geradezu  "  beherrschen "  konnen.  Das  schliesst  jedoch 
nicht  aus,  dass  wir  lemen  werden,  sie  nach  gewoUten  Richtungen 
bin  zu  begUnstigen  und  fehlerhafte  Anlagen  mit  erheblich  mehr 
Erfolg  als  bbher  zu  verbessern. 

So  sehen  wir  ausser  nie  endender  wissenschaftlicher  Arbeit  mit 
dem  Erfolge  stetiger,  wenn  auch  nur  assymptotischer  Annaherung  an 
die  Wahrheit  auch  noch  ein  hohes  Ziel  praktischen  Nutzens  fiir  die 
^Menschheit  vor  uns.  Moge  der  jetzige,  mit  viel  Ein^cht  und  Sorgfalt 
vorbereitete  Kongress  eine  dauernd  wichtige  Etappe  auf  der  Bahn 
dieses  Fortschrittes  sein.* 
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THE  STEMULI  OF  RESTITUTIONS 

(Address) 
HANS  DRIESCH 

When  I  accepted  the  invitation  to  deliver  at  this  Congress  the 
opening  address  in  the  section  for  Experimental  Zoology,  I  not  only 
fully  recognized  the  great  honor  conferred  on  me,  but  I  also  felt 
very  glad  to  have  an  opportunity  of  speaking  publicly  to  my  fellow- 
experimenters  of  this  country.  For,  though  I  have  never  crossed 
the  Atlantic  before,  America  is  very  familiar  to  me.  It  is  here  that 
the  science,  to  which  the  work  of  my  life  is  devoted,  has  most  fully 
grown  up,  grown  up  indeed  into  a  branch  of  biology  oflScially  ac- 
knowledged ;  it  is  in  America  and  in  America  alone,  that  even  the 
young  generation  of  biologists  is  really  and  thoroughly  instructed  in 
experimental  zoology.  The  old  worid,  it  is  true,  laid  the  foundations 
of  this  science,  but  in  the  new  worid  more  than  anywhere  these 
foundations  have  been  crowned  with  an  imposing  superstructure. 
Thus  it  comes  about  that  I  meet  the  greatest  part  of  my  scientific 
friends  over  here  in  America  —  and  I  am  happy  to  know  and  to  say, 
not  scientific  friends  only. 

When  debating  what  would  be  the  best  way  to  address  this  section 
I  soon  found  that  an  assembly  of  zoological  experimenters  would 
hardly  be  the  right  place  to  give  a  general  summary  of  what  "  Ent- 
wickelungsmechanik"  is,  and  what  its  separate  problems  mean. 
For  all  of  you  know  thai,  perfectly  well,  and  most  of  you  probably 
also  know  my  personal  opinions  about  these  topics.  Therefore  I 
thought  it  would  be  more  useful  for  you,  as  well  as  for  myself,  to 
deliver  a  sunmiary  of  the  facts  and  problems  of  a  special  and  limited 
field  of  research  only.  I  have  selected  the  "  StimuU  of  Restitutions," 
as  the  branch  of  our  science  to  be  discussed  here,  as  it  is  my  convic- 
tion that  there  is  no  other  branch  of  experimental  zoology  which  is 
more  problematic  at  present,  and  requires,  at  least  hypothetically, 
elucidation  in  a  higher  degree. 

I  shall  call  "  restitutions"  all  kinds  of  restoration  of  disturbances, 
in  organization ;  "  regeneration  "  will  then  serve  to  describe  a  subclass 
only  of  restitution,  that  being  our  most  general  term.  It  is  indifferent 
for  our  future  remarks  in  what  special  manner  restitution  is  accom- 
plished :   it  may  occur  by  compensatory  hypertrophy,  or  heterotypy. 
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or  by  redifferentiation,  or  by  adventitious  budding,  or  by  regeneration 
proper  (that  is  by  a  budding  process  from  a  wound). 

WTiat  then  are  the  stimuH,  which  call  forth  restitution  in  this  wide 
meaning  of  the  word  ? 

At  the  first  glance  there  might  seem  to  be  a  very  simple  answer  to 
this  question :  the  operation,  of  course,  which  has  disturbed  organi- 
zation is  the  stimulus  of  its  being  restored  again.  No  doubt  that  is 
true ;  but  you  will  allow  me,  I  hope,  to  formulate  our  problem  a  little 
more  profoundly. 

We  want  to  know  what  "disturbance  of  organization"  really 
signifies  with  regard  to  the  concept  of  organization  as  such.  In 
other  words :  we  want  to  learn  what  it  really  is,  in  the  act  of  disturb- 
ing, that  calls  forth  restoration;  whether  it  is  this  act  in  its  very 
specificity,  or  only  part  of  this  act,  or  some  physiological,  or  even 
physico-chemical,  consequences  of  it,  which  might  be  rather  loosely 
connected  with  the  disturbance  of  organization  itself. 

Our  problem  may  have  a  more  simple,  or  a  more  complicated 
aspect,  according  as  one  certain  condition  is  wanting  or  not.  When- 
ever the  locality  of  the  restitution  is  identical  with  the  locality  of  the 
disturbance  (as  is  the  case  in  regeneration  proper)  there  is,  of  course, 
no  need  to  seek  for  the  connection  between  the  different  localities 
about  which,  of  course,  we  shall  have  to  inquire  whenever  disturbance 
and  restitution  occur  at  different  places  of  the  whole.  In  the  latter 
case  the  problem  of  connection  might  seem  to  become  a  problem  in 
itself,  as  indeed  I  myself  have  regarded  it  before  now.^  But  I  think 
we  may  be  entitled  to  regard  it  as  a  question  of  secondary  importance 
at  present,  and  therefore  shall  consider  it  only  here  and  there. 

Starting  from  my  own  previous  researches,  I  might  deal  with  our 
subject  in  a  purely  dogmatic  way:  I,  indeed,  might  base  our  future 
study  upon  what  I  have  called  "  complex-equipotential  systems"  and 
upon  the  analysis  of  the  genesis  of  these  systems,  from  which,  I 
believe,  I  have  gained  a  proof  of  the  autonomy  of  life. 

Thus,  as  very  many  restitutions  occur  on  the  basis  of  such  complex- 
equipotential  systems,  I  might  take  their  autonomous,  their  vitalistic 
character  for  granted  from  the  very  beginning,  and  moreover  my 
theory  of  the  harmonious-equipotential  system  might  help  me  for  the 
same  purpose. 

But  I  shall  not  proceed  Tike  this,  in  what  follows.  I  shall  ignore 
my  own  previous  theoretical  remarks  and  results  completely,  and 
shall  try  to  enter  into  the  discussion  of  our  new,  and  special,  problem 
without  any  prepossessions  at  all. 

1.  Can  the  mere  eocistence  of  a  wound,  as  the  mark  of  an  abnormal 

relation  of  certain  parts  of  the  organism  with  regard  to  the  medium, 

be  taken  as  the  "  stimulus"  of  any  restitution  in  our  sense  ?    It  seems 

to  me  that  three  different  kinds  of  arguments  refute  this  most  simple 

'  Die  Organischen  Regvlationen,  Leipzig,  p.  110,  1901. 
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type  of  the  different  theories  in  question.  Firstly,  the  theory  would 
not  hold  for  those  restitutions  which  do  not  start  from  the  wound, 
nor  for  cases  of  what  my  friend  Professor  Morgan  calls  "  morphol- 
laxis."  Secondly  in  the  case  of  the  adventitious  restitution  of  the 
lens  in  the  eye  of  Amphibia,  Wolff  *  has  shown  that  wounding  the  iris 
does  not  lead  to  the  formation  of  a  new  lens,  as  long  as  the  old  one  is 
present,  and  that,  on  the  other  hand,  the  lens  may  be  removed  without 
wounding  the  iris  in  any  way  and  will  always  be  restituted  from  the 
latter.  Finally,  the  theory  in  question  will  have  to  assume  that  the 
different  parts  of  the  organism  were  each  endowed  with  quite  a 
specific  and  limited  restitutive  power  and  were  only  waiting,  so  to 
speak,  for  contact  with  the  medium,  or  at  least  with  one  of  its  factors, 
in  order  to  bring  their  power  or  potency  into  action.  But  the  cells 
of  the  organism  are  well  known  not  to  be  endowed  with  the  faculty 
of  performing  one  quite  limited  restitutive  action  exclusively,  and  the 
agents  of  the  medium,  as  for  instance  oxygen,  or  a  certain  moisture, 
or,  in  marine  animals  and  plants,  a  certain  saUnity,  are  quite  insufiB- 
cient  from  a  logical  point  of  view,  to  account  for  a  very  typical  and 
specialized  result,  varying  in  every  case  as  the  conditions  of  the  opera- 
tion require,  since  those  agents  are  anything  but  speciaUzed  themselves. 
You  might  answer  to  the  last  argument,  that  a  "  stimulus"  does  not 
need  to  be  specialized,  and  you  would  be  right  to  say  so  in  general; 
but  in  our  case,  as  mentioned  already,  you  are  faced  by  the  well- 
founded  fact  that  the  celb  of  the  organism  have  each  more  than  one 
restitutive  faculty.*  The  stimulus,  therefore,  must  account  for  only 
one  of  them  being  set  into  action  and  not  the  others,  and  the  general 
factors  of  the  medium  could  never  be  responsible  for  that. 

Therefore  the  wound  as  such,  in  its  mere  property  of  being  a 
"  wound,"  is  certainly  not  the  stimulus  of  restitutions. 

2.  Next  in  simplicity  to  the  theory  just  dismissed  is  the  hypothesis 
that  the  stimulus  of  restitutions  is  given  by  the  removal  of  certain 
mechanical  obstacles. 

In  the  first  place,  the  arguments  already  brought  forward  to  dis- 
prove the  importance  of  the  wound  as  a  restitution  stimulus,  enter 
the  Usts  again.  In  adventitious  restitution,  and  in  all  kinds  of  morphol- 
laxis,  restitution  goes  on  at  a  distance  from  the  place  of  the  operation 
and,  moreover,  removal  of  mechanical  obstacles,  as  a  mere  stimulus, 
could  never  account  for  the  specificity  of  *what  is  restored,  on  the  basis 
of  a  material  capable  of  more  than  one  restitutive  action  with  regard 
to  its  single  elements.  But  there  are  also  certain  positive  experimental 
results  which  directly  show  that  the  removal  of  obstacles  has  nothing 
whatever  to  do  with  the  restitutive  stimulus.    Braus '  has  found,  in 

>  Arch.  f.  Anaty  63,  p.  1,  1903. 

*  Whether  the  underlying  "systems"  are  of  the  harmonious  or  of  the  com- 
plex-equipotential  type. 

»  Anat.  Am.,  26,  p.  433,  1905. 
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the  course  of  his  grafting  experiments  on  tadpoles,  that  if  a  foreleg 
was  grafted  upon  the  place  of  a  removed  hindleg,  the  latter  was 
regenerated  in  spite  of  the  "  mechanical  obstacle"  being  present,  and 
.Miehe  ^  has  carried  out  a  very  suggestive  experiment  on  die  alga  Cla- 
dophora.  Life  is  life,  and  so  I  hope  you  will  allow  me  to  make  excur- 
sions into  botany.  Miehe  plasmolyzed  his  plant,  and  the  plasma  of 
each  cell,  after  having  retired  from  the  wall  to  a  certain  extent,  then 
formed  a  new  membrane  around  its  reduced  volume.  This  process 
was  allowed  to  go  on  for  a  while  and  the  plants  were  brought  back 
into  ordinary  osmotic  conditions,  and  then  each  single  cell  grew  out 
separately  into  a  whole  (little)  plant  —  (all  of  these  plants  preserved 
the  original  polarity)  —  in  spite  of  the  general  mechanical  conditions 
being  unaltered.  It  certainly  was  something  else  than  the  removal  of 
mechanical  obstacles  that  had  stimulated  restitution  in  this  case. 
This  point  will  interest  us  once  more  hereafter. 

Pathologists,  in  particular,  have  been  and  are  partisans  of  the 
'*  removal  of  obstacles  theory,"  and  there  certainly  are  a  few  cases 
-where  certain  tissues  are  found  to  be  under  a  certain  pressure  and  are 
seen  to  enlarge  and  to  divide  if  the  pressure  ceases.  But  that  is  nothing 
to  be  compared  with  restitution  proper.  And,  moreover,  as  Morgan  ^ 
-well  said  once,  the  first  process  in  all  restitution  generally  is  the 
healing  of  the  wound ;  but  that  means  that  even  before  actual  restitu- 
tion begins,  the  **  mechanical  obstacles"  themselves  are  restored  as 
soon  as  possible ;  their  being  removed  therefore  cannot  be  the  stimulus 
of  restitution. 

A  view  which  is  rather  nearly  related  to  the  obstacle-theory  proper, 
has  been  advocated  byPrzibram,*  by  which  the '*  habituelle  Turgor" 
of  the  organism  is  lost  in  restitution,  which  is  regarded  as  simply 
normal  growth,  at  an  increased  rate.  Let  me  reply  to  this  statement 
in  the  first  place  by  saying  that  restitution  is  not  merely  growth,  but 
differentiation,  and  that  we  need  a  stimulus  for  the  latter.  Przibram 
maintains  that  each  regenerate  is  the  **  sum  of  the  regenerates  grown 
from  the  single  element  of  the  wound,"  and  he  refers  to  the  well- 
known  cases  of  double  regeneration,  to  be  discussed  more  fully  here-* 
after.  But  it  seems  to  me  that  double  regeneration  really  affords  the 
strongest  argument  against  such  a  view,  for  it  is  well-known  that 
jMrt  of  a  cross  section  is  able  here  to  form  a  whole  regenerate  in  mini- 
ature, as  is  abo  most  clearly  shown  in  recent  experiments  of  Grod- 
lewski,*  carried  out  on  the  newt,  and  in  the  formation  of  two  heads 
in  PlaAaria.     Thus,  even  in  double  regeneration,  the  product  of 

»  Bei.  d,  Bot.  Oea.y  Bd.  23,  p.  257,  1905. 

*  Joum,  Exp.  Zocl.f  VoL  3,  p.  467,  1906.  The  same  argument,  of  course, 
holds  against  the  ''woimd  theory,"  most  of  the  regeneration  tissues  is  formed 
"when  there  b  no  longer  a  ''wound"  at  all. 

»  Arch,  Entw.  Mech.,  Bd.  22,  p.  207,  1906. 

«  BuU.  Acad.  Cracovie,  p.  492,  1904. 
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each  act  of  restitution  is  not  a  sum  but  a  specific  totality.    No  kind 
of  merely  mechanical  alteration  can  ever  be  the  stimulus  of  that 

3.  Changes  in  conditions  of  nutrition  form  a  third  theory  about 
the  stimuli  of  restitutions.  This  doctrine  generally  starts  from 
the  phenomena  of  so-called  compensatory  hypertrophy.  But  most 
probably  it  is  not  even  true  for  the  most  simple  cases  of  these  com- 
paratively simple  phenomena.  There  is  one  general  fact,  most  advan- 
tageously to  be  studied  in  plants,  i.  e,y  that  it  is  always  the  most 
active,  the  youngest,  the  growing  parts,  which  by  their  physiological 
activity  direct  the  stream  of  nourishing  fluids  to  themselves  and  may 
even  lead  it  away  from  other  less  active  parts,  which  then  may  die. 
The  nourishing  fluid  is  never  the  primary  factor.  It  never  turns  the 
growing  parts  into  passivity.  Nemec  ^  in  his  fine  experiments  on  the 
restitution  of  the  root-tip,  entirely  excluded  the  possibility  that  con- 
ditions of  nutrition  were  concerned  in  stimulating  the  process  in  any 
way.  As  to  animals,  Morgan  ^  has  directly  shown,  recently,  that  the 
rate  of  regeneration  with  regard  to  the  processes  of  differentiation 
proper  is  the  same,  whether  the  trunk  of  the  organism  is  fed  or  not, 
only  the  absolute  amount  of  regenerated  substance  may  be  a  little 
larger  in  the  first  case.  Some  well-known  experiments  of  Zeleny's  ' 
also  deserve  mention  in  this  connection.  Zeleny  found  that  in  ophiu- 
rids  there  is  more  material  regenerated  by  ecuih  single  one  of  the  arms 
respectively,  if  four  arms  are  cut  off  together,  than  if  only  one  of  them 
is  taken.  Zeleny  certainly  was  right  in  explaining  this  case,  and 
several  similar  ones,*  in  part,  at  least,  by  the  fact  that  the  smaller  the 
trunk  of  the  restoring  organism,  the  more  material  will  there  be  avail- 
able for  regeneration  But  the  amount  of  material  only,  not  the  degree 
of  differentiation,  comes  into  account  here  and,  moreover,  Zeleny 
assumes  some  other  factors  to  be  at  work  here  besides  mere  nutrition. 

4.  Thus  the  quantitative  conditions  of  nutrition  seem  absolutely 
unable  to  form  the  stimulus  of  restitutions  in  any  way:  they  are 
"means"  for  the  process  of  restitution,  but  nothing  more.  The 
question  now  arises  whether  qualitative  pecuUarities  in  the  nourishing 
fluids  of  animals  or  plants  might  in  some  cases  represent  that  stimu- 
lus ?  The  operation  might  have  removed  a  part  of  the  organization 
•whose  function  it  was  to  store  up  a  certain  product  of  metabolism. 
Storing  now  becomes  impossible  and  thus  the  composition  of  the 
nourishing  fluid  is  definitively  altered.  In  adaptive  correspondence 
to  such  alteration  there  now  might  be  expected  to  originate  a  new 
organ,  suitable  for  storing  the  material  in  question  again*.     Then 

*  Studien  unter  die  Regeneration,  Berlin,  1905. 

*  Joum.  Exp.  Zod.,  3,  p.  467,  1906. 

»  Biol  Bull.  6,  p.  12,  1903,  and  Joum.  Exp.  Zool.,  2,  p.  347,  1905. 

*  But  there  are  many  other  cases  in  which  restitutions  that  occ\ir  in  different 
localities  of  the  organism  at  the  same  time,  do  not  influence  each  other  with  re- 
gard to  their  rate.  See,  for  instance,  Driesch,  Arch.  Entw,,  20,  p.  21,  1905,  and 
the  paper  of  Morgan's  referred  to  in  note  2. 


Digitized  by 


Google 


THE  STIMULI  OF  RESTITUTIONS  465 

what  seemed  to  be  a  real  "  restitution"  of  organization  would  actually 
be  the  result  of  an  adaptation,  and  the  whole  process  of  restitution 
would  seem  to  be  explained  away. 

Of  course  this  whole  reasoning  could  never  be  applicable  to  all 
cases  of  restitution,  though  it  might  seem  able  to  explain  some  of  them : 
it  therefore  will  suffice  to  refute  this  hypothesis  for  that  case  where  it, 
a  priori,  might  seem  to  be  more  adequate  than  in  any  other.  Vocht- 
ing,^  several  years  ago,  carried  out  a  very  important  series  of  restitu- 
tion experiments  in  plants,  in  which  either  bulbs  already  existing 
were  forced  to  form  part  of  the  stem,  or  in  which  bulbs  were  caused 
to  originate  in  abnormal  positions,  after  the  normal  bulbs  had  been 
removed.  In  the  latter  case  the  conditions  of  our  theoretical  discussion 
are  realized.  The  organs  fitted  to  store  the  starch  of  the  nourishing 
sap  might  be  expected  to  originate  adaptively.  But,  at  least  in 
many  cases,  typically  starch-storing  cells,  in  other  words,  typical 
restitutive  bulbs,  were  formed  in  abnormal  places,  without  any  trace 
of  starch  being  present  in  them.  Thus  the  organ  was  there  previous 
to  functioning  and  therefore  not  in  adaptational  correlation  to  the 
latter. 

5.  But  we  are  led  almost  imperceptibly  to  the  next  group  of 
restitution  theories,  to  a  group  that  plays  a  great  part  especially  in 
this  country,  Child  and  Holmes  being  its  chief  representatives;  in 
Germany  ttie  botanist  Klebs  has  advocated  a  rather  similar  view. 
The  outlines  of  the  theory  in  question  may  be  summarized  as  follows. 
There  are  no  proper  stimuli  of  restitutions,  for  there  are  no  restitu- 
tions proper,  all  so-called  restitutions  being  in  truth  either  the  physio- 
logical effects  corresponding  to  an  alteration  of  the  general  conditions 
of  functioning,  in  a  so-called  adaptive  sense,  or  the  effect  of  mere 
physico-chemical  agents.  In  a  sense  we  might  say  that  the  theory  in 
question  resolves  all  restitution  into  what  Roux  has  called  ''funk- 
tionelle  Anpassung."  Let  us  therefore  begin  our  discussion  by 
showing  that  not  even  the  simplest  case  of  restitution,  the  so-called 
compensatory  hypertrophy,  is  capable  of  being  conceived  as  a  func- 
tional adaptation.  Ribbert '  proved  that  the  mammae  and  the  sexual 
organs  of  rabbits  show  the  process  of  compensatory  hypertrophy  after 
the  removal  of  one  of  them,  before  there  is  any  functioning  at  all. 
Of  course  with  regard  to  the  very  remarkable  instances  of  a  true 
compensatory  hypertrophy  (as  first  discovered  by  Przibram  ^  in  Al- 
pheus,  and  after  that  by  Zeleny*  in  Hydroides  and  in  plants),  the 
possibility  of  their  being  due  to  functional  adaptation  would  hardly 
come  into  one's  mind  from  the  very  beginning. 

In  a  long  series  of  fine  experiments,  almost  all  carried  out  on 

»  Jahrb.  wiss.  Dot,  34,  p.  1,  1899. 

«  Arch.  Entw,  Mech,,  1,  p.  69,  1894. 

»  Arch.  Eniw.  Mech.,  11,  p.  321,  1901;  13,  p.  507,  1902. 

*  Arch.  EfUw.  Mech.,  13,  p.  697,  1902,  and  Joum.  Exp.  Zool.,  2,  p.  1,  1906. 
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flatworms  and  the  actinian  Cerianthus,  Child  ^  has  tried  to  give  a 
sound  and  solid  foundation  to  the  view  that  it  is  functioning,  or  mere 
mechanical  factors  that,  by  functional  ^adaptation  or  by  mere  pres- 
sure and  tension,  lead  to  a  restoration  of  disturbed  organization,  but 
nothing  else.  The  proper  concept  of  restitution  as  a  something  in 
itself  would,  indeed,  be  destroyed  if  such  a  doctrine  were  true,  and 
therefore  of  course,  there  would  no  longer  be  any  problem  of  the 
**  stimuli  of  restitution."  I  fully  grant  that  Child  has  proved  the  im- 
portance which  mechanical  conditions  of  movement,  direcdy  or  in- 
directly, may  have  for  an  organism's  attaining  its  typical  exterior 
form-outlines,  the  so-called  **  normal"  form,  with  regard  to  mere 
spatial  geometry,  and  I  may,  hypothetically,  admit  also,  that  in  a  few 
cases  the  so-called  formative  influence  of  the  nervous  system  on 
restitution,  has  been  shown  by  him  to  be  indirect  only,  though  in  most 
cases  the  question  seems  to  me  to  remain  in  at  least  an  ambiguous 
condition.  But  Child's  doctrine,  in  my  opinion,  is  far  from  having  a 
general  and  universal  application.  It  quite  certainly  does  not  depend 
on  simple  mechanical  conditions  of  movement,  if  part  of  the  blastula, 
or  gastrula,  of  Asterias  develops  into  a  whole  animal,  if  Tubularia 
shows  the  well-known  types  of  restitutions,  or  if  the  isolated  branchial 
apparatus  of  Clavellina  is  first  reduced  to  a  special  mass  and  after- 
wards grows  out  into  a  whole  ascidian.  And  the  theory  absolutely 
fails  to  explain  the  origin  of  newly  produced  regeneration  tissue,  and 
the  first  steps  of  differentiation  in  it,  for  all  that  occurs  previous  to 
all  functioning  and  only  for  functioning.  But  to  speak  under  the 
title  of  "functions "or  "functional  conditions"  of  general  circum- 
stances of  an  unknown  character,  under  which  there  occur  certain 
morphogenetic  reactions  on  the  part  of  the  organisms,  is  simply  to 
state  the  problem  in  another  form.^  The  question  of  restitution  and 
its  stimuli  remains  where  it  was.  Thus  I  am  only  able  to  assert  that 
Child  has  eliminated  from  the  problem  of  restitution  some  special 
features  of  secondary  importance.  These  problems,  in  fact,  he  may 
be  said  to  have  solved  to  a  certain  extent. 

Klebs*  bases  his  physiological,  or  functional,  theory  of  restitu- 
tion in  the  main  upon  one  experiment.  The  willow,  as  all  of  you 
know,  is  able  to  restore  a  whole  plant  from  shoots  taken  from  any 
region  of  its  stem,  by  producing  adventitious  branches  and  roots 

>  Child  has  given  a  good  summary  of  his  views  in  Arch,  Entw.  Mech.^  20,  p.  350, 
1908;  and  in  Jowm.  Exp,  Zod.y  3,  p.  659,  1906.  The  full  literature  will  be 
found  in  these  publications. 

2  It  did  not  escape  me,  as  Child  believes  (Arch,  Entw.,  24,  p.  131,  1907),  that 
the  word  "function"  is  used  by  him  in  the  usual  and  in  a  very  much  wider  sense. 
But  I  did  not  refer  to  the  latter,  as  it  is  absolutely  empty  and  almost  meanin|;- 
less.  An  analysis  of  a  few  points  of  Child's  "Corrections  and  Criticisms"  will 
be  found  elsewnere,  and  I  only  mention  here  that  he  completely  misunderstands 
the  concept  of  the  harmonious-equipotential  system. 

'  WUlkurliche  Entwicklungsdnderungen  bei  Pflamen^  Jena,  1903,  and  Biclog. 
CeniralblaU,  24,  p.  257,  1904. 
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respectively.  Now  Klebs  found  that  certain  varieties  of  Salix  were 
able  to  produce  adventitious  roots,  without  any  kind  of  disturbance  or 
operation,  wherever  the  bark  of  their  stems  was  wetted  by  water.  So- 
called  "  restitution,"  he  therefore  states,  is  nothing  but  a  reaction  to 
certain  physiological  conditions.  But,  not  to  mention  the  fact  ad- 
mitted by  Klebs  himself,  that  such  an  experiment  would  fail  even  to 
satisfy  the  theoretical  needs  in  almost  all  other  cases  of  restitution, 
in  particular  among  animals,  his  very  interesting  discovery,  even  for 
the  actual  case,  seems  to  me  to  allow  of  other  kinds  of  interpretations. 
We  either  might  assume  that  the  stem  of  Salix  possesses  the  primary 
faculty  of  reacting  to  a  certain  degree  of  moisture,  adaptively,  by  the 
production  of  roots,  just  as  it  possesses  the  primary  faculty  of  restitu- 
tion (though  the  "inner  conditions"  established  by  an  operation  and 
causing  roots  to  appear  at  one  pole  of  the  shoot  are  by  no  means 
identical  with  the  "inner  conditions"  established  by  moisture^),  or 
we  could  assume  that  the  real  ultimate  stimulus  is  the  same  in  both 
eases,  but  does  not  relate,  as  Klebs  believes,  to  adaptation  but  to 
restitution;  which  would  be  just  the  contrary  to  the  views  of  Klebs 
himself.  We  shall  have  occasion  to  come  back  to  this  hypothesis 
under  another  heading. 

6.  We  come,  finally,  to  a  doctrine  which  was  first  advocated  by 
Sachs  ^  and  afterwards  accepted  by  Jacques  Loeb.  I  am  speaking 
of  the  theory  of  formrbuUding  substances.  The  starting  point  of  this 
doctrine  was  the  fact  discovered  by  Sachs  that  plants  produced  by 
the  isolated  leaves  of  Begonia  bloomed  much  earlier  if  the  leaves  had 
been  taken  from  plants  just  about  to  bloom  than  if  they  had  been 
taken  from  plants  not  near  blooming.  Goebel  has  confirmed  this 
result  in  Achimenes,  and  Winkler  *  has  recently  found,  whilst  working 
on  Passiflora,  that  adventitious  shoots  originating  at  the  bases  of 
isolated  leaves  produced  the  typical  feather-leaves  much  earlier  if  a 
feather-leaf  had  been  isolated  than  if  a  so-called  primary  leaf  had 
been  taken.  Among  animals  there  are  certain  features  in  the  morpho- 
genesis of  Tubularia  and  Hydra  which  belong  here.  Sachs  assumes 
that  certain  form-building  materials  account  for  the  facts  observed 
and  also  for  all  cases  of  restitution,  in  the  sense  that  these  substances, 
having  originated  in  the  organism  in  the  course  of  development,  are 
present  in  its  circulating  fluids  and  tend  to  move  in  specific  direc- 
tions, for  some  reason  or  other.  If  any  part  of  the  organization  is 
taken  away,  the  form-building  substances  relating  to  that  part  are, 
in  an  unknown  manner,  the  cause  of  its  new  formation,  just  as  any 
specific  chemical  compound  implies  a  typical  crystalline  form. 

Stated  in  its  original  manner,  this  theory  certainly  does  not  do 

»  Goebel  (Flora,  92),  and  V6chting  (BoL  Zeitg.,  p.  101, 1906)  have  also  refuted 
the  views  of  Klebs  for  similar  reasons. 

'  Vorlesungen  iiber  Pflamenphysiologief  Leipzig. 
*  Ber,  Bot,  Ge«.,  23,  p.  45,  1905. 
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justice  to  the  most  fundamental  facts,  for  the  product  of  a.  restitution 
is  not  a  crystal,  bounded  by  a  system  of  surfaces  only,  and  homo- 
geneous in  its  interior,  but  a  complicated  typical  arrangement  of 
different  parts.  One  material  could  never  account  for  that,  and  if 
there  were  a  mixture  of  different  materials,  an  orderiy  factor  would 
be  wanted  to  arrange  typically  what  only  preexisted  as  an  aggregate. 

But  in  spite  of  that  I  do  not  regard  the  theory  of  Sachs  as  altogether 
wrong,  for  there  is  at  least  a  certain  constituent  in  it,  it  seems  to  me, 
which  may  be  able  to  form  part  of  a  true  future  theory  of  the  stimuli 
of  restitutions.  Sachs  looked  upon  his  form-building  materiab  as  the 
real  "  cause"  of  restituted  form-production,  but  that  is  impossible,  for 
the  reason  just  explained.  But  form-building  substances,  though 
perhaps  in  some  sense  different  from  those  advocated  by  Sachs, 
might  have  something  to  do  with  the  stimulus  of  restitutions  we  are 
searching  for,  the  real  cause  of  those  acts,  in  the  deeper  sense,  being 
the  prospective  potencies  of  the  restoring  organism.  Or  the  substances 
of  Sachs  might  at  least  be  a  necessary  means  of  restitutive  organo- 
genesis. 

Let  us  remember  the  important  fact  discovered  by  Herbst '  that 
crayfishes  restore  the  eye  if  the  optic  ganglion  is  present,  whilst 
they  produce  an  antenna  in  its  place  if  the  ganglion  is  taken  away. 
And  let  us  remember  the  different  cases  in  which  the  nervous  system 
has  some  influence  upon  regeneration  (Wolff,  Godlewski).  We 
clearly  see  here  that  in  animals  also  there  Tuay  be  concerned  a  some- 
thing in  restitution  that  possesses  the  characteristics  of  a  specific  ma- 
terial. In  fact,  we  shall  come  back  to  a  discussion  of  form-building 
substances,  though  from  a  rather  different  point  of  view. 

And  now,  after  all  this  criticism,  let  us  try  to  proceed  to  positive 
statements.  Not  one  of  the  current  doctrines  about  the  stimuli  of 
restitutions  was  found  to  satisfy  our  needs,  only  one  of  them  could 
be  said  to  contain  certain  preliminaries  to  the  truth.  Is  there  any 
"  truth"  at  all  discoverable  about  our  subject? 

7.  Let  us  try  to  analyze  as  strictly  -as  possible  what  the  terms 
"operation"  and  "restitution"  imply.  Roux'  once  said  that  by  an 
operation  certain  cells  of  the  organism  alter  their  normal  neighborhood, 
and  that  restitution  restores  that.  Of  course  that  would  relate  only 
to  regeneration  proper,  for  all  morphoUaxis  first  disturbs  the  typical 
neighborhood  of  cells  much  more  fundamentally  than  the  operation 
did,  in  order  to  restore  something  else,  that  is  to  be  typical. 

WTiat  is  it,  then,  that  is  disturbed  by  an  operation  and  therefore  has 
to  be  restored  by  the  restitution,  and  in  what  way  is  our  "  stimulus" 
of  restitutions  affected  by  the  disturbance  ? 

There  certainly  something  has  been  disturbed  connected  with  the 
typical  composition  of  the  organization.    Now  there  are  certain  facts 

»  Arch.  Entw.  Mech.,  2,  p.  544,  1896;  9,  p.  215,  1899. 
«  Biol.  CentralUaUy  13,  p.  612,  1893. 
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which  teach  us  that  such  a  disturbance  may  have  aheady  been  ac- 
complished, and  that,  therefore,  restitution  may  set  in,  if  the  removal 
of  the  part  of  the  body  in  question  was  by  no  means  absolvte.  As 
these  facts  seem  to  indicate  an  important  feature  in  our  problem,  as 
indeed  they  tend  to  limit  the  question  to  a  certain  extent,  we  must 
first  mention  theniy  at  least  briefly. 

One  of  the  most  typical  of  these  facts  was  discussed  by  Morgan,* 
in  the  flatworm,  Planaria.  He  cut  off  the  head  of  the  worm,  then 
split  the  anterior  end  of  the  body  longitudinally  to  a  certain  extent, 
and  finally  cut  oflf  one  of  the  two  anterior  half  parts  thus  established. 
His  subjects  now  had  two  anterior  wounds,  —  one  more  distal,  the 
other  more  proximal.  Whenever  the  first  steps  of  healing  were  al- 
lowed to  produce  new  tissue  all  over  the  complicated  wound  and 
thus  to  connect  the  two  anterior  wound  surfaces,  only  the  more  distal 
one  restituted  a  head,  but  if  the  production  of  tissue  on  the  median 
longitudinal  wound  was  hindered,  two  heads  appeared. 

Thus  something  related  with  the  connection  of  parts  and  with  their 
disturbance  b  proved  to  be  concerned  in  restitution,  and  to  be  as 
important  as  absolute  removal.  We  now  shall  find  the  same  thing 
in  a  good  many  more  instances. 

Let  us  mention,  in  the  first  place,  the  well-known  phenomena  of 
so-called  superregeneration  of  tails  and  toes  in  Amphibia,  as  described 
by  Barfurth '  and  Tornier.*  There  was  either  a  very  complicated 
wound  caused  by  the  complete  removal  of  a  part  or,  by  a  special 
arrangement  of  sections,  a  wound  was  made  without  removing  any- 
thing specific.  The  result  was  in  the  first  case  a  double  regeneration 
and  in  the  second,  the  production  of  a  something  that  was  actually 
present. 

The  first  case  seems  to  be  less  important  for  our  purposes  than 
the  second,  for  in  the  case  of  a  complicated  wound  caused  by  the  com- 
plete removal,  say  of  a  leg,  we  might  hypothetically  assume  that  the 
equipotential  "  Anlage"  of  the  newly  originating  parts  is  divided  into 
two  for  some  reason  or  other.*  But  the  cases  (recently  confirmed  by 
Godlewski,*)  in  which  a  newt  forms  a  new  tail  from  a  proximal, 
posterior  wound  (provided  nerve  substance  is  present)  in  spite  of  the 
old  tail  being  present,  showed  without  further  explanation  that  the 
breaking  of  some  kind  of  continuity  is  suflBcient  to  let  the  "  stimulus 
of  a  restitution"  arise.    Some  well-known  results  of  Loeb's  •  obtained 

>  Ardi.  Entw.  Mech.,  13,  p.  206,  1901. 
»  Ardt,  Entw.  Mech,,  1.  p.  1,  1894;  and  9,  p.  91,  1899. 
»  Arch,  Entw.  Medi.,  3,  p.  469  and  4,  p.  180,  1896,  and  Zool.  Anz.,  20,  p. 
356,  1897. 

*  The  very  strange  fact  recently  discovered  by  Braus  (Anat.  Am.,  26,  p.  433, 
1905),  that  transplanted  legs  of  tadpoles  may  ** regenerate"  their  counterpart 
image  from  their  basis,  does  not  seem  to  admit  of  any  sort  of  explanation  at  present. 

*  BtUl.  Acad.  Cracovie.,  p.  492,  1904. 

*  Untersz.  phyaiol.  Morph.  1  and  2.    Wttrzburg,  1891-92.    See  also  Morgan, 
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in  Ciona  and  Cerianthus  belong  to  the  same  class  of  phenomena  as 
do,  among  others,  the  botanical  facts  described  by  Simon  ^  and  Nemec,^ 
—  these  facts  being  particularly  important  for  having  shown,  quite 
distinctly,  the  kind  of  organic  communication  that  must  be  broken 
in  order  that  restitution  may  occur.  Both  authors  found,  independ- 
ently but  unanimously,  that  in  the  root  it  is  the  so-called  pericambium 
whose  integrity  prevents  superregeneration  in  spite  of  large  proximal 
wounds.  The  root-tip  is  superregenerated  from  a  proximal  poster- 
ior wound,  in  spite  of  its  actual  presence,  only  in  those  cases,  in  which 
the  pericambium  has  to  a  certain  extent  lost  its  continuity 

Once  more  we  mention  in  this  connection  the  experiment  carried 
out  by  Miehe  on  Cladophora.  The  continuity  of  the  cells,  established 
probably  in  a  manner  similar  to  what  Tangl  taught  us,  must  have 
been  broken  in  order  that  the  growth  of  each  cell,  into  a  whole  little 
plant,  might  occur. 

The  result  of  this  experiment  may  also  prevent  us,  I  believe,  from 
regarding  as  too  simple  a  fact,  the  real  stimulus,  that  forces  the  iso- 
lated blastomeres  of  echinoderms,  newts.  Medusae,  Amphioxus, 
Nemerteans,  and  fishes,  to  develop  as  a  whole  in  miniature.  It  most 
probably  is  not  only  the  absence  of  the  fellow-cell  in  the  sense  of  an 
alteration  in  mechanical  conditions,  that  forces  the  survivor,  first  to 
rearrange  its  intrinsic  protoplasmic  structure  into  a  new  whole,  and 
then  to  perform  morphogenesis  upon  the  newly  established  basis,  but 
something  concerned  in  a  break  of  unknown  continuity,  and  a  similar 
view  will  most  probably  hold  for  all  cases  of  the  development  of 
several  "  wholes"  on  the  basis  of  an  harmonious-equipotential  system. 

But  let  us  say  a  few  more  words  about  the  results  of  botanists: 
as  a  break  of  the  unknown  communication  carried  out  by  the  peri- 
cambium, is  required  for  the  superregeneration  of  root-tips,  so  in 
Bryophyllum  (according  to  Groebel),  in  Cardamine  (according  to 
Riehm),  it  is  the  fibres  of  the  leaves  that  are  burdened  with  a  certain 
kind  of  unexplained  connection  among  the  parts.  The  leaves  of  the 
plants  produce  adventitious  buds,  not  only  if  they  are  isolated,  or 
if  the  mother  plant  is  deprived  of  all  its  points  of  vegetation,  but 
also  after  a  mere  cutting  of  their  so-called  nerves.  And  in  the  fungus 
Agaricus  Magnus^  was  able  to  induce  restitution  after  cutting  the 
longitudinal  hyphae  of  the  stem. 

All  these  facts  have  a  certain  similarity.  It  is  a  real  break  of 
organic  communication  without  the  absolute  removal  of  parts,  that 
is  followed  by  superrestitution.    But  now  there  is  still  a  certain  group 

Ant.  Entw.  Mech,,  14,  p.  562,  1902  (earthworms)  and  King,  Md,,  7,  p.  351, 
1898  and  9,  p.  724,  1900.    But  in  the  eye  of  amphibians  a  new  lens  is  fonned 
only  after  the  complete  removal  of  the  original  one  and  not  after  its  mere  dis- 
placement.    (Wolff,  Arch.  Entw.  Mech.,  12,  p.  307,  1901). 
>  Jahrh.  toiss.  BoL,  40,  p.  103,  1904. 

*  See  note  1,  p.  5. 

•  Arch.  Biontologie,  1,  p.  85,  1906,  here  also  quotation  of  Riehm. 
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of  these  facts  even  more  remarkable :  the  leaf  of  Cyclamen  is  resti- 
tuted, according  to  Winkler  ^  and  Groebel,'  if  it  is  merely  put  out  of 
function  by  being  covered  with  plaster  of  Paris,  or  by  being  dried, 
and  Circaea,  as  was  shown  in  Groebers '  experiments,  may  change 
the  lateral  geotropism  of  its  side-branches,  into  negative,  not  only 
after  the  main  stem  is  cut  off,  but  also  if  it  is  placed  in  absolute  dark- 
ness. A  disturbance  of  typical  functioning  seems  to  be  the  principal 
thing  in  these  cases :  by  being  disturbed  the  part  in  question  is  elim- 
inated from  the  whole,  so  to  speak.  Under  such  an  aspect  the  dis- 
covery of  Klebs  mentioned  above  would  appear  as  an  organizatory 
restitution  pure  and  simple :  By  being  exposed  to  water,  part  of  the 
stem  of  Salix  has  been  disturbed  fundamentally  in  its  functioning;^ 
a  break  of  continuity  in  the  whole  is  established  in  this  way,  and 
therefore  one  at  least  <rf  the  parts  of  the  original  whole  is  restituted 
into  a  new  complete  organization. 

8.  But  what  now  about  the  nature  of  our  "  stimuli  of  restitution  "  ? 
Might  we  not  proceed  toward  a  solution  of  our  question,  very  briefly 
and  yet  very  exactly,  by  saying  that  disturbed  "equilibrium"  is  the 
stimulus  of  restitutions,  and  that  "  uncompensated  differences  of  the 
intensity  of  energies"  lead  to  restoration  of  the  disturbance?  Such 
**  explanations"  indeed,  have  been  brought  forward  in  biology,  I  am 
sgrry  to  say.  But  such  "  explanations"  are  mere  words  and  nothing 
more.  They  simply  state  that  something  happens,  because  the  factors, 
responsible  for  its  happening,  are  at  work.  That  is  certainly  true; 
and  as  true  as  it  is  to  say  that  the  operation  is  the  stimulus  of  restitu- 
tions, but  it  is  also  as  meaningless. 

We  have  the  materials  in  our  hands,  it  seems  to  me,  to  sketch  at 
least  the  outlines  of  what  a  future  theory  of  restitution  may  prove 
about  our  problem. 

The  specificity  of  what  is  taken  away  certainly  forms  part  of  the 
stimulus  we  are  searching  for,  and  it  does  so  by  being  communicated 
in  some  way  to  something  that  has  relations  to  many,  if  not  a//,  parts 
of  the  organism,  and  not  only  to  the  neighboring  ones.  The  latter  is 
proved  by  all  cases  of  morphollaxis  and  adventitious  budding.  It 
is  another  quei^tion  which  out  of  all  the  parts  will  react  to  the  stimulus. 
By  regarding  this  question  as  belonging  to  the  problem  of  the  dis- 
tribution of  restitutive  potencies,  I  only  mean  to  give  a  brief  expres- 
sion for  what  is  observed.  In  fact,  it  may  be  determined  by  very 
complicated  and  absolutely  unknown  relations,  which  part  out  of  many 
performs  restitution. 

In  what  manner,  then,  may  the  specificity  of  what  is  taken  away  be 

>  Ber.  D.  Bot.  Oes.,  20,  p.  81,  1902. 
»  Bid.  Centralbl.,  22,  p.  385,  1902. 

•  Flora,  92,  p.  132,  1903. 

*  In  an  experiment  of  Wakker's  (quoted  by  Qoebel,  see  last  note)  all  the 
beads  of  Bryophyllum  were  forced  to  grow  out  by  drenching  the  whole  plant  in 
water. 
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communicated  to  the  organism's  trunk  and  form  the  ''stimulus"  we 
ask  for?  It  is  here  that  we  may  make  a  certain  use  of  the  idea  of 
Sachs,  though  not  in  the  form  he  was  thinking  of.  And  it  seems  to 
me  that,  to  a  certain  extent,  we  may  also  borrow  what  we  want  from 
the  doctrine  of  "  interior  secretion. " 

To  say  nothing  of  the  much  disputed  theory  of  the  thyroid,  Ribbert' 
has  shown  that  a  transplanted  mamma  may  exercise  its  functions  at 
the  right  time.^  By  Starling  we  s^re  told  that  extract  of  embryos 
injected  into  the  body  cavity  of  rabbits  causes  the  mammae  to  enlarge 
and  even  to  begin  the  secretion  of  milk,  and  Nussbaum  ^  recently  has 
made  the  important  discovery  that  part  of  the  testis  transplanted 
under  the  skin  of  the  dorsal  side  of  the  body  is  able  to  paralyze  the 
morphogenetic  eflFects  of  castration.  All  these  facts  indeed  prove 
that  there  exist  many  relations  among  the  parts  of  the  organism, 
besides  nervous  conduction  and  proper  formative  stimuli,  in  normal 
morphogenesis. 

Thus  our  argument  will  rest  most  properly  upon  a  causa  vera,  if 
we  assume  hypothetically  that  each  part  of  the  organism  assigns  its 
specific  share  to  an  unknown  something,  and  that  this  something  is 
altered  as  soon  as  a  part  is  removed  or  absolutely  stopped  in  its  func- 
tional life,  and  that  the  specific  alteration  of  the  something  is  our 
stimulus  of  restitutions.  The  specific  relations  of  the  parts  of  the 
organism  to  the  something  are  realized  along  certain  anatomical 
lines  only,  as  all  experiments  about  superrestitution  seem  to  show. 

Of  course  this  hypothetical  statement  resembles  the  doctrine  of 
Sachs  only  in  a  very  vague  manner:  it  is  not  an  actual  ** form-build- 
ing" material  but,  on  the  contrary,  the  lack  of  something,  like  a  sub- 
stance (connected  with  form),  that  we  assume  to  be  related  to  our 
stimulus. 

But  we  agree  with  Sachs  in  so  far  as  we  assume  that  our  "  stimulus 
of  restitutions"  is  a  little  more  than  what  is  commonly  understood  by 
a  stimidus  (though  not  an  inherent  cause  or  potency,  but  something 
from  vrUhovi) :  it  is  a  typical  combination  of  elements  showing  an 
individ\wlized  character.  In  fact  we  are  forced  to  conceive  our  stimu- 
lus in  this  way,  since  the  Twrn-determination,  the  non-specificity  of 
the  formative  potencies  has  been  most  universally  shown  by  all 
modem  experiments.  The  cells  of  the  organism  can  each  do  more 
than  only  one  thing  in  the  service  of  restitution,  and  we  want  to 
find  a  suflBcient  reason  for  their  doing  what  they  actually  perform 
in  this  very  case.* 

»  Arch.  EtUw.  Mech,,  7,  p.  704,  1898. 

*  Proc.  Roy.  Soc.,  77,  p.  605,  1906.  We  owe  to  Starling  an  excellent  article 
on  the  whole  problem  of  ''inner  secretion."  VerharuU,  Ven.  Deutach.  Naturf.  u. 
Aente,  Stutt^rt,  1906. 

»  AnaL  Am.,  1906-07. 

*  This  statement,  of  a  "prospective  indifference,"  is  true  for:  1.  The  har- 
monious-equipotential  systems;  2.  Many  cases  of  young  adventitious  "Anlagen" 
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Thus  in  the  end  it  might  seem  as  if  we  were  not  much  further  than 
at  the  outset,  with  regard  to  our  stimulus  of  restitution.  What  we 
do  say  more,  is  that  it  is  the  disturbance  in  its  specificity  which  causes 
the  restitution  to  arise  in  its  specificity.  In  truth  we  do  not  say  much 
more;  but  we  have  learnt  to  understand,  I  hope,  that  "  much  more" 
in  the  sense  of  anything  more  simple  is  not  possible. 

Will  my  concept  of  an  "autonomy  of  life"  be  strengthened  by  our 
general  result  ?  Of  course  the  analytical  study  of  the  distribution  of 
potencies  always  forms  the  best  foundation  for  that  doctrine,  it  seems 
to  me,  and  even  in  this  sense  the  analysis  of  restitutions  is  impor- 
tant for  it.  As  to  the  theory  of  the  restitutive  "stimuli"  alone,  I 
might  take  advantage  of  our  result,  I  think,  in  the  following  way : 
the  restitution  stimulus  is  received  in  its  individuality,  and  its  effect, 
corresponding  to  it  with  regard  to  the  whole,  is  individualized  also. 
In  my  analysis  of  action  *  I  have  availed  myself  of  such  a  relation  of 
"individual  correspondence." 

In  conclusion,  let  us  summarize  our  chief  results  in  the  words: 
the  stimulus  of  restitution  is  not  a  simple  agent,  but  something  con- 
cerned with  the  specificity  of  the  disturbance. 

That  is  all  we  can  say  at  present.  It  is  almost  completely  nega- 
tive, with  regard  to  known  physico-chemical  facts,  as  are  all  state- 
ments which  are  positive  with  regard  to  biology  proper. 

Most  of  what  I  have  been  able  to  offer  you  consisted  of  fragments 
and  problems  only,  and  we  have  been  travelling  together  in  new  land ; 
so  let  us  hope  that  its  development  may  be  like  the  cultivation  and 
the  progress  of  new  ideas  in  the  country  we  are  living  in  this  day. 

in  Pjants  (Goebel  and  others) ;  3.  The  cells  of  the  cambium  and  of  many  Algae; 
4.  The  single  elements  of  a  cross-section  of  the  body  with  respect  to  regeneration 
proper  (comp.  the  double-headed  planarians,  the  experiments  of  Godlewski  in 
Amphibia) ;  6.  The  cross-sections  of  the  body  —  with  respect  to  regeneration — 
taken  as  totalities :  the  same  section  may  very  often  r^enerate  in  both  directions 
(comp.  also  the  femur-experiment  of  Moi^n,  Americ.  Natur,,  42,  p.  1,  1908). 
>  Comp.  Vol.  II  of  my  Oifford  Lectures,  1908. 
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ANIMAL  BEHAVIOR  AND  DEVELOPMENT 

O.  ZUR  STRASSEN 

I  WANT  to  show  that  there  exists  a  relationship  between  animal 
psychology  and  developmental  physiology,  so  close  that  it  seems  to 
me  indispensable  for  students  of  either  branch  to  be  acquainted  with 
the  methods  and  the  results  of  the  other. 

A  parallel  between  animal  behavior  and  development  can  be 
drawn  and  has  been  drawn  in  several  ways  of  very  diflFerent  value. 

As  early  as  1836  the  German  physician  and  physiologist  Auten- 
rieth  ^  compared  the  instinctive  actions  of  animab,  especially  of  insects, 
with  the  inner  physiological  movements  of  an  organism :  the  beating 
of  the  heart,  the  peristaltic  contractions  of  the  intestine,  'and  the  like. 
Both  kinds  of  movements  are  suitable  without  being  ruled  by  intelli- 
gence or  even  accompanied  by  consciousness.  And  this  comparison 
he  extended  expressively  and  very  explicitly  to  the  phenomena  of 
individual  development.  He  pointed  out  that  development  too  con- 
sists in  movements  which  are  suitable  to  a  purpose  and  yet  uncon- 
scious ;  that  it  is  sometimes  hard  to  tell  whether  a  given  event  belonged 
to  the  development  of  an  organism  or  rather  to  its  instinctive  actions. 
And  this  not  only  for  the  reach  of  normal  development.  He  went 
even  so  far  as  to  claim  that  the  same  was  true  for  regeneration.  The 
fact  that  a  snail  regenerates  its  head  when  cut  away  seemed  to  him 
essentially  identical  with  the  behavior  of  a  caterpillar  that  repairs  its 
partially  destroyed  cocoon.  All  these  suitable  phenomena  —  normal 
development,  regeneration,  instinctive  actions  —  were  based  to  him 
on  the  same  foundation :  a  suitably  acting  vital  force. 

Schopenhauer'  we  find  on  the  same  way.  For  him  instinctive 
action  and  development  are  likewise  manifestations  of  the  same 
teleological  principle,  the  will.  And  nowadays  the  comparison  has 
become  rather  familiar  among  vitalists  and  neolamarckists.  They 
mean  to  prove  by  it  that  a  teleological,  vital,  or  even  psychic  factor, 
the  participation  of  which  in  instinct  they  take  for  doubtless,  exists 
also  in  development. 

I  do  not  think  they  are  right,  no  more  than  their  predecessors 
were,  Schopenhauer  and  Autenrieth.    The  instinct  of  an  insect  and 

*  Ansichten  fiber  Natur  und  Seelen  ld>en,  p.  199,  244. 
»  Die  Welt  ale  WiUe  und  VoreUllung,  Q.  Auflage,  1844, 
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the  development  of  a  multi-cellular  organism  as  a  whole  are,  if  we 
look  at  them  from  near,  very  different  things.  What  b  common  to 
them  is  hardly  more  than  the  general,  inherited,  and  of  course  un- 
intelligent, suitableness  of  the  organic  nature.  And  even  if  it  were 
proved  that  the  instinct  contained  some  special  factor  strange  to  the 
mechanical  world,  it  would  not  yet  follow  that  the  same  was  true 
for  development. 

But  so  poor  and  in  consequence  worthless  for  a  closer  application 
is  the  comparison  only  then,  when  we  compare,  as  so  many  vitaUsts 
did  and  do,  the  instinct  of  an  insect  or  other  higher  animal  with  multi- 
cellular development  as  a  whole.  The  two  things  here  compared, 
the  two  sides  of  the  equation  are  too  complicated;  that  is  the  fault. 
We  can  avoid  it  by  simplifying  one  side  or  both. 

Let  us  begin  with  the  right  one,  the  side  of  development.  Let 
us  compare  the  instinct  of  an  insect  with  the  behavior,  not  of  the 
whole  organism,  but  of  its  constituents,  the  single  blastomeres,  as 
I  proposed  to  do  in  1898.^ 

In  a  former  time  most  biologists  considered  the  rdle  played  by 
the  cells  in  development  as  being  essentially  passive.  They  thought 
that  the  cell  was  brought  into  its  typical  shape  by  pressure  or  draught 
from  the  surroundings ;  that  the  direction  and  the  rhythm  of  division, 
the  relative  size  of  the  cells,  were  due  to  actions  of  the  same  kind ;  that 
surface-tension  kept  the  cells  together  and  forced  them  into  a  typical 
arrangement  like  a  system  of  soap  bubbles.  Now,  on  the  contrary,  it 
seems  to  be  more  and  more  generally  accepted  that  the  blastomere 
during  its  lifetime  plays  a  very  active  part  in  differentiation ;  that  its 
form,  relative  situation,  the  special  way  of  mistosis,  and  so  on,  are 
brought  about  by  inner  accomplishments  of  the  cell,  though  it  may  be 
guided  in  many  ways  by  stimuli  from  outside. 

Now  some  of  these  activities  of  the  cells  show  a  remarkable  re- 
semblance to  the  instinctive  actions  of  an  insect.  I  mean  first  the 
very  important  fact  that  blastomeres  move  actively  about  in  definite 
directions,  guided  by  stimuli,  which  they  receive  from  the  surround- 
ings, as  an  insect  moves  here  and  there  under  the  influence  of  direct- 
ing stimuli;  it  is  the  "cytotropism"  discovered  by  Roux.  And 
second  the  numerous  cases  where  a  cell  prodtwes  something  com- 
plicated out  of  its  body :  a  piece  of  skeleton,  shell,  or  the  like,  just 
as  a  caterpillar  produces  its  silken  cocoon. 

As  soon  as  we  realize  this  resemblance  we  get  hold  of  the  possi- 
bility to  push  the  comparison  on  a  highly  interesting  ground.  Both 
things  —  the  moving  or  building  cell  and  the  moving  or  building  in- 
sect—  can  show  the  same  very  important  phenomenon  called  by 
Driesch,  "  hirrnonious-equipoteniial  differentiatian,'*     That   means, 

^  Das  Wesen  der  tierischen  Fonnbildung.    Verh,  Deutsche  Zool,  Oes,,  Heidel- 
berg, 1898. 
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when  many  equal  cells  or  insects  are  associated  to  form  a  community 
—  as  is  the  case  in  certain  embryonic  organs  or  in  the  states  of  social 
insects  —  the  united  individuab  may  not  behave  equally,  though  they 
are  all  equal,  but  unequally  after  a  law.  The  result  of  their  behavior, 
their  arrangement,  or  their  common  building  becomes  not  isotropous, 
equal  in  all  directions,  as  one  might  have  expected,  but  typically 
anisotropous. — That  this  wonderful  capacity,  so  well  known  and 
much  discussed  in  developmental  physiology,  b  really  to  be  found 
also  in  social  insects,  I  want  to  prove  by  a  few  examples. 

The  mesenchym-cells  of  an  echinoderm  larva  collect  in  groups, 
each  of  which  groups  produces  a  piece  of  lime-skeleton  in  its  typical, 
highly  anisotropous  shape.  For  this  purpose  each  single  cell  must 
bring  itself  by  active  wandering  into  a  certain  relative  position  to  its 
fellows  and  the  forming  piece ;  there  it  will  give  oflF  its  share  of  lime 
in  a  suitable  way.  Now  we  know  by  experiments  that  all  these  cells 
are  absolutely  equipotential.  Each  one  is  able  to  work  at  any  place 
of  the  anisotropous  whole.  They  may  be  mixed,  reduced  or  in- 
creased in  number.  Yet  every  cell  will  modify  its  behavior  accord- 
ing to  the  place  it  actually  holds  and  to  the  behavior  of  its  fellows, 
so  that  the  community  will  fulfil  its  typical  task  under  almost  any 
conditions.  This  behavior  seems,  as  Driesch  hinted  in  one  of  his 
last  papers,^  to  be  almost  identical  with  that  of  social  Hymenoptera, 
which  are  occupied  in  heaps  of  varying  number  to  build,  with  united 
forces,  a  waxen  comb  or  a  case  of  typical  form  and  structure. 

Not  very  different  from  what  we  see  here  is  the  fact  that  often 
groups  of  equivalent  blastomeres  arrange  themselves  to  form  a 
typically  anisotropous  organ.  For  instance,  the  sac-shaped  archen- 
teron  of  an  echinoderm-larva  becomes  three-jointed  by  a  double 
strangulation,  and  will  do  so  in  the  right  proportion  even  if  the  number 
of  the  cells  be  increased  or  diminished  by  experiment.  Such  a  be- 
havior may  principally  be  put  together  with  the  capacity  of  social 
insects  to  group  after  a  certain  rate  in  two  or  more  sets  of  diflFerent 
occupation.^  Here  also  the  participants  are  equal  and  able  to  do 
everything.  Yet  each  one  will  make  a  choice,  not  at  random,  but 
in  a  lawful  dependence  of  the  behavior  of  others,  so  that  the.  right 
proportion  between  the  groups  will  always  result.  The  swarming 
of  bees  may  serve  as  an  example.  According  to  Maeterlinck '  there 
is  a  typical,  though  of  course  not  very  exact,  relation  between  the 
number  of  individuals  that  remain  in  the  old  hive  and  those  that  go 
oflf  in  the  swarm. 

Of  quite  a  peculiar  interest  is  the  resemblance  between  the  phe- 
nomena of  reparation  after  being  damaged  in  development  and 

»  Biol  CentraWL,  1907,  p.  76. 

'  zur  Strassen,  Die  Qeschichte  der  T-Riesen  von  Atcaria  megalocephala,  p.  314, 
1906. 

'  Das  Leben  der  Bienen,  ttbers.  v.  v.  Oppelu-B.,  p.  151,  1901. 
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social  Instinct.  Correction  of  morphological  disturbances  may  be 
perfonned  in  a  double  way:  either  by  "regeneration,"  that  means 
with  the  aid  of  proliferation  of  fresh  tissue,  or  without  augmenting 
the  material  by  mere  transformation  and  rearrangement  of  the  cells 
left,  the  so-called  "morphallaxis"  (Morgan).  Both  ways  we  find 
again  in  the  range  of  instincts.  A  sort  of  regeneration  is  present 
when  in  a  hive,  the  queen  of  which  died,  a  fresh  one  is  reared  in  her 
stead.  On  the  other  hand,  if  one  takes  away  the  sentinel  put  out  by 
an  ants'  colony  and  finds  that  soon  another  ant  will  give  up  its  occu- 
pation to  fill  out  the  empty  place,  one  may  well  compare  this  act  of 
recompletion  by  change  of  behavior  with  the  morphallactic  restitution 
of  a  hydroid. 

It  may  be  expected  that  this  striking  outer  resemblance  will 
correspond  with  a  causal  congeniality.  In  every  "harmonious- 
equipotential  system,"  be  it  of  ceUs  or  of  social  insects,  there  must 
of  course  be  something  that  unites  the  individuals,  that  distributes  the 
r6les,  aiid  determines  the  behavior  of  the  single  from  the  stand- 
point of  the  whole.  And  as  no  outer  cause  is  present  to  rule  them 
all,  the  uniting  principle  must  needs  be  an  interaction  from  cell  to 
cell  and  from  insect  to  insect.  To  know  the  nature  of  this  interaction 
would  be  holding  the  key  of  the  problem.  And  now  we  see  the  ad- 
vantage of  our  method.  It  will  be  utterly  difficult  to  make  out  what 
happens  in  this  way  between  celb.  Minute,  closely  packed  together, 
apparently  motionless  and  almost  homogeneous  as  they  are,  they 
let  nothing  transpire  of  the  plot  before  the  moment  of  action.  With 
insects,  which  are  so  much  larger,  visibly  organized  and  obviously 
active,  and  clearly  severed  from  each  other,  the  task  is  much 
easier.  In  fact,  though  none  of  the  cases  in  question  has  been 
analyzed  to  its  very  end,  yet  after  all  that  we  know  now  about  insect 
life,  so  much  can  be  said,  that  the  quaUfication  of  social  Hymenoptera 
to  act  and  group  harmoniously  is  based  on  two  gifts.  Of  these  the 
first,  which  is  common  to  all  insects,  consists  in  the  high  development 
of  their  irritability.  They  cannot  only  take  up  complicated  stimuli 
and  answer  them  with  different  adequate  movements,  but  are  also 
capable  to  what  I  should  like  to  call  "interlock"  two  or  more  stimuli. 
That  means  they  may  react  to  the  same  inducement  in  typically 
different  ways  if  they  receive  simultaneously  another  or  several 
stimuli,  or  if  such  stimuli  have  been  acting  on  them  some  time  be- 
fore. Stimuli  and  remainders  of  previous  stimulations  are  inter- 
locked to  form  a  newquaUty, —  the  adequate  inducement  for  reactions 
of  its  own.  And  second,  the  social  insects  produce  themselves  those 
stimvli  that  are  fit  to  make  their  own  occupation  and  disposition, 
their  state  of  mind  so  to  speak,  distinguishable  for  the  sensory-organs 
of  their  fellows :  according  to  their  actual  state  they  move  in  a  special 
way  their  wings  or  antennae,  they  produce  a  whole  scale  of  charac- 
teristic sounds,  perhaps  also  of  different  smells.    Or  in  case  of  build- 
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ing  the  piece  of  work  that  an  individual  did,  serves  by  itself  as  a 
signal  to  make  manifest  to  the  others  what  has  been  done,  and  to 
induce  them  to  continue  in  a  suitable,  hannonious  way.  We  may 
call  this  sort  of  self-produced  social  stimuli  "manifesting  stimuli." 

No  doubt  the  knowledge  of  how  the  determining  interactions 
within  a  system  of  equipotential  insects  go  on  is  of  some  value  for 
the  study  of  the  like  phenomena  in  development;  considering  that 
hitherto  we  don't  know  anything  at  all  about  the  causes  of  the  latter. 
Yet  the  comparison  fails  to  be  quite  satisfactory.  It  is  still  an  analogy, 
and  a  rather  remote  one.  The  behavior  we  ascribed  to  social  insects 
is  based  on  complicated  sensory-organs  to  receive  the  stimuli,  a  ner- 
vous system  to  conduct  and  store  them,  special  contrivances  for  the 
production  of  the  various  manifesting  stimuli.  All  that  is  missing 
in  cells.  This  makes  it  doubtful  whether  the  interactions  within  a 
harmonious-equipotential  system  of  celb  can  be  in  any  closer  way 
compared  with  those  of  insects. 

But  there  is  a  means  to  free  the  comparison  of  this  imperfection 
still.  We  must  simplify  the  left  side  of  our  equation  as  we  did  before 
with  the  right.  We  must  compare  the  behavior  of  a  single  free4iving 
cell,  a  protozoan,  instead  of  an  insect,  with  that  of  a  blastomere. 

That  this  change  would  be  an  improvement  in  certain  respects 
we  understand  at  once.  Protozoa  have  got  no  brains,  no  nervous 
systems  or  sensory  organs,  the  lower  forms  not  even  special  motor 
organs,  just  Uke  the  blastomeres.  And  what  is  possible  to  the  one 
should  not  be  unattainable  to  the  other:  the  analogy  in  their  be- 
havior could  become  complete.  But  more  than  this,  the  hardly 
doubtful  fact  that  Protozoa  are  the  phylogenetic  ancestors  of  cleavage- 
cells  makes  probable  a  priori,  that  tliey  are  akin  also  in  their  reactions 
and  irritabilities,  that  their  behavior  is  not  only  analogous  but  homol- 
ogous. And  hereby,  whatever  we  may  conclude  from  the  free-living 
animal  upon  the  blastomere  would  gain  very  much  in  value  and 
certainty. 

However  the  question  arises  whether  there  would  be  anything 
left  to  conclude.  The  much-promising  point  of  agreement  between 
the  two  sides  of  our  comparison  was  the  capacity  of  harmonious- 
equipotential  grouping  shown  both  by  social  insects  and  blasto- 
meres. And  evidently  social  Protozoa  endowed  with  the  same  quali- 
fications do  not  exist. 

But  a  moment's  reflection  will  show  that  sociality  is  not  at  all 
indispensable  for  our  comparison.  The  essential  part  of  the  prob- 
lem being  on  the  side  of  development  the  behavior  of  the  single  cell, 
we  may  compare  this  of  course  with  that  of  a  single  unsocial 
animal,  if  only  we  can  prove  that  the  animal  in  question  is  gifted 
with  those  two  kinds  of  qualities  that  enable  the  social  insects  to 
their  behavior.    These  qualities,  to  repeat  it,  are  first  a  certain  degree 
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of  complication  in  the  sphere  of  irritability  implying  the  fitness  to 
interlock  two  or  several  received  stimuli;  and  second,  the  gift  to  pro- 
duce themselves  those  stimuli  that  manifest  their  actual  physiological 
state  to  their  fellows. 

Now  these  two  qualities  are  certainly  present  in  Protozoa.  Jen- 
nings found  that  even  Amrrba  passes,  by  the  action  of  stimuli,  into 
distinct  physiological  states  of  typically  diflFerent  irritability.  For 
instance  the  stimulus  of  mechanical  touch  is  answered  differently 
when  interlocked  with  the  simultaneous  stimulus  of  creeping  on  the 
ground  or  with  that  of  free-swimming.  And  in  higher  Protozoa  he 
found  the  same  capacity  still  more  developed.  On  the  other  hand 
there  is  no  doubt  that  the  constitution  of  a  protozoan  would  allow, 
if  desired,  the  production  of  manifesting  stimuli.  Of  course  they 
cannot  produce  sounds  or  specialized  movements  as  the  social  in- 
sects do;  and  if  they  could  it  would  be  of  no  use,  as  the  task  to  take 
up  acoustic,  optic,  or  compUcated  mechanic  stimuli  would  be  far  be- 
yond the  powers  of  their  fellow-protozoa.  But  also  chemicals  are 
suitable  means  of  communication.  It  would  not  at  all  be  asking  too 
much,  if  we  assume  that  certain  Protozoa  secrete  in  every  one  of  their 
physiological  states  a  trace  of  some  special  chemical  into  the  sur- 
rounding water.  And  as  the  fitness  to  answer  chemical  irritation  is 
the  simplest  sort  of  all  and  highly  developed  among  Protozoa,  such 
specialized  secretions  could  easily  serve  as  adequate  stimuli,  which 
induce  other  individuals  to  correspondingly  varied  behavior. 

Well,  then,  we  find  Protozoa  endowed  with  qualities  that  would 
enable  them  to  become  social,  and  group  as  a  harmonious-equipoten- 
tial  system  after  a  given  proportion.  Blastomeres  are,  as  we  said 
above,  descendants  of  Protozoa,  and  their  behavior  cannot  only  but 
ought  to  be  essentially  equal  to  the  behavior  of  those.  Thus  we  are, 
until  the  contrary  be  proved,  simply  forced  to  admit  that  the  aniso- 
tropous  behavior  of  equipotential  cells  in  development  is  brought 
about  after  the  fashion  of  social  insects  and  with  the  simple  means 
of  Protozoa. 

It  will,  however,  be  welcome  to  corroborate  this  somewhat  general 
assertion  by  a  schematic  example.^  Suppose  a  sac-shaped  em- 
bryonic organ  becomes  constricted  in  the  middle  of  its  height  by 
active  cellular  dislocation,  and  that  this  action  was  proved  by  ex- 
periment to  be  the  harmonious  grouping  of  an  equipotential  system. 
Then  the  fact  could  be  explained  by  the  following  assumption.  The 
cells  around  the  lower  opening  of  the  sac  pass,  owing  to  the  stimulus 
of  their  peculiar  situation,  into  a  new  physiological  state.  Herein  they 
produce  some  stimulant  that  acts  upon  their  immediate  neighbor- 
cells  in  the  sac,  through  these  on  the  next  ring  of  cells  and  farther 
and  farther,  till  the  stimulus  reaches  the  free  top  of  the  organ,  oppo- 

»  OeschichU  der  T-Riesen,  etc.,  p.  317,  1906. 
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site  to  the  opening;  however,  the  intensity  of  the  stimulation  shall 
gradually  decrease  from  below  upwards  in  a  regular  way.  On  the 
diagram  (Fig.  1)  this  is  expressed  by  a  system  of  lines  parallel  to  the 
surface,  diminishing  in  thickness  and  number.  Second,  we  assume 
that  the  small  group  of  top-cells  likewise  becomes  diflFerent  from  the 
rest ;  for  instance  under  the  influence  of  the  stimulating  wave,  which 
here  arrives  from  all  sides.  But  the  new  physiological  state  of  the  top- 
cells  is  diflferent  from  that  of  the  mouth-cells,  and  therefore  also  the 
stimulant,  which  the  top-cells  give  oflF,  is  a  special  one,  marked  by 
radial  lines  in  the  diagram  (Fig.  1).  Now  this  top-stimulant  runs 
in  the  same  way  down  the  sac  as  the  mouth-stimulus  comes  up, 
diminishing  in  its  course  at  the  same  rate  (Fig.  2).  Under  these 
circumstances  each  cell  of  the  middle  area  receives  both  stimuli,  but 
of  a  diflFerent  intensity.  Below  the  mouth-stimulus  is  stronger,  above 
the  top-stimulus.  But  in  the  middle  of  the  height  there  is  a  horizontal 
ring  of  cells  which  receive  both  stimuli  in  equal  strength ;  our  dia- 
gram shows  this  state  of  equiUbrium  expressed  by  regular  chequering, 
the  parallel  and  the  radial  system  of  Unes  being  equivalent.  Finally, 
this  special  combination  of  equal  stimuli,  interlocked  to  form  a  par- 
ticular quality,  shall  be  the  adequate  inducement  for  the  cell  receiving 
it  (the  gray  one  in  the  diagram.  Figs.  2,  3)  to  migrate  inward.  Then 
evidently  the  middle  ring  will  produce  the  typical  strangulation. 

Being  equipotential,  the  cells  of  the  original  sac  could  of  course 
be  freely  mixed  without  the  sUghtest  change  in  the  behavior  of  the 
whole.  And  if  we  presume,  which  would  not  be  risked  at  all,  that 
the  absolute  intensity  of  the  stimulation  is  without  signiflcance,  and 
the  only  thing  necessary  is  the  typical  relation  between  the  two  stimuU, 
then  we  might  even  change  the  number  of  cells  united  in  the  sac, 
increase  or  reduce  it.  The  diagram  shows  (Fig.  4)  what  would 
happen  in  case  of  a  reduction.  The  distance  between  mouth  and 
top  being  diminished,  the  stimuli  running  away  from  both  ends  meet 
earlier  in  equal  intensity,  but  again  in  the  middle  of  the  whole.  Here 
we  get  a  ring  of  regularly  though  more  tightly  chequered  cells  that 
will  answer  to  this  adequate  inducement  with  the  "gray"  reaction. 

But  furthermore :  under  a  certain  assumption  our  system  could  even 
show  the  phenomenon  of  morphallactic  restitution  after  a  damage. 
Suppose  the  changes  of  physiological  state  that  make  a  member  of 
the  system  behave  Uke  a  top-cell  or  a  gray  cell  were  not  induced  once 
for  ever  as  soon  as  the  cell  receives  the  corresponding  adequate 
stimulus,  but  wanted  a  continual  stimulation,  without  which  the 
cells  would  soon  fall  back  into  their  original  disposition  to  participate 
in  the  formation  of  a  smooth,  convex  epitheUum.  Now  let  an  organ 
of  this  kind  after  having  formed  the  strangulation  in  the  middle  of 
its  height  be  mutilated  by  cutting  away  the  upper  end,  what  would 
happen?  The  wound  will  close,  a  fresh  group  of  top-cells  will  be 
called  forth,  nearer  to  the  mouth  than  usual.    In  consequence  the 
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regularly  chequered  stimulus  must  result  farther  down  (Fig.  5)*. 
here  a  new  ring  of  celb  will  form  a  constriction,  while  the  old  one, 
falling  now  under  a  wrong,  irregular,  inadequate  stimulation  will 
disappear.  After  a  while  we  should  have  a  typically  strangulated 
organ  of  smaller  size. 

Needless  to  say  that  the  irritability  of  the  single  blastomere  could 
be  more  complicated  than  we  assumed  here,  at  least  as  much  as  we 
find  it  in  higher  forms  of  Protozoa,  and  that  their  capacity  to  produce 
and  restitute  complicated  forms  would  increase  correspondingly. 
It  is  hard  to  tell  whether  any  known  case  of  harmonious-equipotential 
differentiation  would  be  too  complicated  to  be  explained  in  this  way. 
The  vitalists  will  have  to  prove  it.    I  do  not  believe  it 

Discussion  * 

I  do  not  think  that  the  comparison  between  instinct  and  develop- 
ment as  I  established  it  here  favors  vitalism.  That  may  be  the  case  if 
one  compares  the  behavior  of  blastomeres  with  the  instinct  of  an  insect 
or  other  higher  animal.  Insect  behavior  has  heretofore  not  been  analysed 
so  far,  that  the  participation  of  "psychoidal"  or  other  teleological  factors 
could  be  excluded  from  it  with  certainty.  And  though  I  am  convinced 
that  this  will  be  attained  some  day,  others  mav  not.  So  the  com- 
parison could  lead  to  a  teleological  interpretation  of  development.  Such 
IS  indeed  the  standpoint  held  by  Driesch.  But  by  comparing  blasto- 
meres and  Protozoa  we  avoid  that  danger.  For  the  behavior  of  Protozoa, 
as  far  as  we  referred  to  it,  can  doubtlessly  and  wholly  be  explained  by 
mechanic-physiological  qualities  of  protoplasm.  And  this  is  perhaps  the 
greatest  advantage  we  can  draw  from  the  comparison. 

»  Reply  to  Prof.  T.  H.  Morgan. 
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THE  ROLE  OP  IRRITABILITY  AND  CONTRACTILITY 
AS  DYNAMIC  FACTORS  IN  DEVELOPMENT  AND 
REGENERATION 

T.  H.  MORGAN 

Two  of  the  most  familiar  properties  of  living  animab  are  irri- 
tability and  contractility.  When  most  specialized,  they  represent  the 
peculiar  function  of  nerves  and  muscles.  In  their  simplest  manifesta- 
tions they  are  shown  in  the  movements  of  an  amoeba  and  in  the  vibra- 
tions of  cilia.  Their  occurrence  is  not,  however,  limited  to  these 
grosser  exhibitions,  but  can  be  demonstrated  wherever  cells  are  asso- 
ciated with  each  other.  '  I  shall  attempt  to  maintain  the  thesis  that 
the  phenomenon,  characterized  by  the  general  term  "Formative 
Action,"  is  largely  the  outcome  of  these  two  dynamic  factors. 

Previous  attempts  to  account  for  the  formative  processes  may  be 
roughly  classified  under  the  categories  of  physical  hypotheses,  chemi- 
cal hypotheses,  the  hypothesis  of  organ-forming  materials,  and  the 
hypodiesis  of  physiological  activities.  I  shall  not  attempt  to  consider 
the  vitalbtic  hypothesis  that  stands  in  contrast  to  all  of  these  taken 
together,  because  if  we  can  account  for  the  formative  action  as  the 
outcome  of  irritability  and  contractility  the  question  as  to  whether 
they  are  vitalistic  or  mechanical  is  a  further  question  with  which  we 
have  no  concern  here.  It  seems  to  me  that  none  of  the  hypotheses 
so  far  advanced  have  succeeded  in  referring  the  formative  processes 
to  a  satisfactory  category.  My  reasons  for  thinking  so  may  first  be 
briefly  sunmiarized. 

That  such  physical  processes  as  surface  tension,  osmotic  pressure, 
and  the  like,  do  not  represent  the  essential  changes  of  a  formative 
kind,  is  indicated  by  the  absence  of  any  close  parallelism  between 
the  development  and  changes  of  pressure  artificially  induced  in  the 
surroundings.  It  is  only  when  the  external  change  is  so  great  as  to 
seriously  affect  the  normal  processes  that  any  obvious  result  is  pro- 
duced. It  has  been  shown,  for  example,  that  when  varying  quantities 
of  sugars  or  indifferent  salts  are  added  to  the  normal  medium  very 
little  effect  on  the  character  of  the  formative  processes  is  produced. 
It  is  only  when  a  certain  limit  is  reached  that  the  effects  are  sudden 
and  marked,  producing  results  that  are  largely  destructive  to  all 
formative  action. 

That  chemical  changes  take  place  during  the  period  of  formative 
action  need  not  for  a  moment  be  denied,  but  there  is  at  present  little 
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to  indicate  that  any  of  the  familiar  chemical  processes  are  the  causes 
of  the  change.  On  the  contrary,  it  appears  that  these  chemical  changes 
follow  rather  than  precede  the  formative  act.  It  is  difficult,  I  admit, 
to  bring  forward  convincing  proof  of  this  statement,  especially  so 
when  it  may  well  be  that  irritability  and  contractility  are  themselves 
chemico-physical  processes ;  but  if  we  can  trust  microscopical  obser- 
vation and  micro-chemical  reactions,  no  other  chemical  changes  of 
a  visible  kind  can  be  detected,  during  gastrulation  for  example, 
that  would  seem  comparable  with  the  magnitude  of  the  events  then 
taking  place. 

The  hypothesis  of  formative  stuflFs  has  found  favor  with  some  of 
our  ablest  investigators,  and  there  is  some  experimental  evidence  that 
seems  most  easily  interpreted  by  this  hypothesis.  The  fact  that  the 
egg  is  not  homogeneous  but  contains  visibly  different  substances,  and 
that  these  are  to  some  extent  diflFerently  distributed  during  segmen- 
tation, has  been  interpreted  to  mean  that  these  substances  are 
organ-foi*ming;  that  their  presence  in  certain  regions  leads  inevitably 
to  the  development  of  certain  organs  of  which  they  are  simply  the 
precursors  or  the  undeveloped  pnmordia.  In.  the  process  of  regen- 
eration also  we  find  that,  as  a  rule,  like  material  produces  like,  and 
if  we  are  justified  in  identifying  the  materials  of  the  body  with  the 
organ-forming  materials  of  the  egg,  we  can  easily  construct  a  con- 
sistent materialistic  theory  of  development  and  regeneration. 

Despite  these  obvious  and  convenient  advantages,  I  do  not  think 
we  can  find  an  explanation  of  the  formative  processes  by  means  of 
the  assumption  of  organ-forming  materials  alone,  although  it  is  essen- 
tial to  every  theory  of  development  that  is  based  on  material  or 
physical  factors  to  postulate  that  the  diflferent  fate  of  different  re- 
gions resolves  itself  in  the  last  analysis  into  diflFerences  in  the  different 
parts  of  the  segmented  egg;  but  the  essential  point  is  how  these 
differences  arise,  whether  preformed  materials  are  the  necessary  ante- 
cedents of  the  embryonic  organs,  or  whether  the  differences  arise 
through  molecular-dynamic  changes  in  the  different  regions  of  the 
egg  in  relation  to  each  other. 

The  following  considerations  seem  to  me  to  indicate  that  the  dif- 
ferences shown  by  different  blastomeres  are  largely  due  to  molecular- 
dynamic  changes  rather  than  to  a  distribution  of  organ-forming 
materials  of  the  egg. 

(1)  Segmentation  does  not  appear  to  separate  sharply  the  sup- 
posed organ-forming  materials  of  the  egg,  but  many  celb  that  have 
different  fates  contain  varying  amounts  of  the  egg's  materials;  yet 
the  organs  themselves  are  sharply  defined,  and  the  border  cells 
strictly  marked  off  from  each  other. 

(2)  In  some  of  the  cases  in  which  it  has  been  possible  to  separate 
by  means  of  the  centrifuge  the  visible  substances  of  'the  egg,  it  has 
been  found  that  they  are  not  formative  in  the  sense  of  determining 
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by  their  presence  the  development  of  the  different  regions.  On  the 
other  hand,  it  may  be  granted  that  there  may  be  other  materials  in 
the  egg  that  do  not  centrifuge  whose  presence  is  essential  to  the 
development  of  certain  organs. 

(3)  If  the  median  plane  of  the  embryo  may  correspond  to  any  one 
of  the  primary  meridians  of  the  egg  —  which  one  being  determined 
by  some  such  external  factor  as  the  entrance  of  the  sperm  (or,  in 
parthenogenesis,  by  the  accidental  position  of  the  primary  centro- 
some)  —  we  see  that  the  materials  around  the  primary  axis  of  the 
egg  are  at  each  level  multiyalent,  and  .the  fate  of  each  particular 
region  is  determined  by  its  relation  to  other  regions,  rather  than  by 
its  peculiar  material  basis.  If  this  view  is  correct  it  imposes  on  the 
theory  of  formative  stuffs  disastrous  limitations.  I  much  doubt  if 
the  most  ardent  advocate  of  the  hypothesis  of  formative  stuflFs  is 
prepared  to  maintain  that  there  are  present  in  the  unsegmented  egg 
materials  for  each  detail  of  all  the  organs. 

(4)  The  formation  of  whole  embryos  from  isolated  blastomeres 
shows  that  in  some  eggs  the  relation  of  the  parts  can  be  determined 
after  cleavage.  Hence  there  is  a  wide  latitude  for  readjustment  of 
the  parts  to  each  other.  It  is  true  that  at  the  other  end  of  the  series 
there  are  eggs  in  which  isolated  blastomeres  show  self-diflFerentiation, 
but  this  can  be  accounted  for  by  the  earlier  stages  at  which  dynamic 
effects  are  produced. 

There  is  a  more  elusive  type  of  the  formative  substance  hypothe- 
sis that  refers  the  formative  materials  to  ultra-microscopical  particles 
(gemmules,  etc.),  but  it  seems  very  improbable  that  in  the  rapid  pro- 
cess of  egg  development  the  successive  changes  could  possibly  be  due 
to  quickly  succeeding  nuclear  emanations  of  material  particles  that 
replace  the  old  material  and  replenish  the  cell  at  each  new  phase  with 
new  particles.  If  it  be  assumed  that  such  materials  have  previously 
been  made  while  the  egg  was  still  growing  in  the  ovary,  then  they  are 
already  present  in  their  totality  when  development  begins.  Our  pres- 
ent problem  is  concerned  only  with  the  mature  egg. 

The  question  has  also  arisen  as  to  how  far  during  regeneration 
the  physiological  activities  of  the  old  tissues  may  be  responsible  for 
the  kind  of  changes  that  take  place  in  the  new.  This  view  seems 
sometimes  to  mean  that  the  activities  in  the  old  parts  determine  that 
those  in  the  new  part  shall  be  of  the  same  nature.  But  since  the 
most  characteristic  feature  of  the  new  part  is  its  supplementary 
character  in  relation  to  the  part  from  which  it  develops,  it  seems  to 
me  apparent  that  this  hypothesis  misses  the  main  point  at  issue. 
That  the  activity  of  an  organ  or  part  of  the  body  may  have  some- 
thing to  do  with  its  well-being,  and  even  with  its  growth,  is  generally 
admitted.  Function  begets  function.  But  it  is  not  apparent  how 
this  principle  can  be  extended  to  cells  that  do  not  already  possess  in 
some  degree  the  function  to  be  developed.    This  objection  applies 
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with  especial  force  to  the  theory  of  embryonic  development,  and  I 
cannot  but  think  that  the  factors  that  control  regeneration  are  only  an 
extension  or  reawakening  of  those  that  control  development  from  the 
egg,  and  of  those  reguladng  the  phenomenon  of  growth  in  general. 

Even  in  regeneration  there  are  many  indications  that  the  localiza- 
tion and  determination  of  organs  take  place  long  before  the  organs 
begin  to  function,  —  as  seen  especially  well  in  the  regeneration  of  the 
nervous  system  and  of  the  nephridia  in  the  earthworm,  and  in  the 
bones  in  the  closely  cut  leg  of  a  salamander.  If  in  such  cases  as 
these  —  and  they  might  easily  be  multiplied  manyfold  —  it  is  im- 
probable that  functional  activity  has  anything  to  do  with  the  forma- 
tive action,  I  see  no  advantage  in  advocating  a  different  explanation 
when  the  conditions  are  complicated  by  the  actual  movements  in- 
duced by  the  activity  of  the  old  part. 

It  has  also  been  suggested  that  the  physiological-chemical  pro- 
cesses that  take  place  in  the  cells  of  the  old  part  determine  the 
nature  of  the  differentiatioa  of  the  neighboring  celb  in  the  new  part. 
I  should  base  my  chief  objection  to  this  hypothesis  on  the  grounds 
that  the  hypothesis  alone  will  not  even  formally  explain  such  com^ 
mon  cases  as  those  of  incomplete  terminal  regeneration  as  seen  in  the 
earthworm.  Several  kinds  of  heteromorphoses  seem  also  entirely  be- 
yond the  realm  of  possible  or  plausible  explanation. 

Brief  and  sketchy  as  this  review  of  present  hypotheses  has  neces- 
sarily been,  I  trust  that  I  have  said  enough  to  show  why  it  seems  to 
me  that  as  yet  we  have  not  found  among  the  suggested  causal-physical 
hypotheses  the  key  to  the  kind  of  process  that  we  call  formative.  It 
is,  of  course,  premature  to  expect  to  find  any  explanation  that  will 
account  in  detail  for  the  developmental  processes,  but  we  might 
expect,  I  think,  with  the  abundance  of  data  that  we  now  possess,  to 
have  discovered  at  least  in  what  province  of  causal  phenomena  the 
explanation  is  to  be  sought.  Despairing  of  finding  any  causal- 
mechanical  explanation,  some  of  our  most  advanced  contemporaries 
have  sought  consolation  in  vitalism.  But  we  are  far  from  having 
exhausted  all  the  possibilities  of  a  causal-mechanical  kind,  and  I 
desire  to  call  attention  to  another  field  that  has  been,  as  yet,  little 
cultivated,  —  the  field  that  covers  the  general  phenomena  of  irrita- 
bility and  contractility. 

Of  my  two  postulated  principles,  that  of  contractility  is  more 
tangible,  although  irritability  is  the  spring  of  its  action  —  in  fact, 
in  its  lowest  manifestations  contractility  can  scarcely  be  dissociated 
from  its  twin  sister,  irritability. 

Whether  cell-division  itself  —  to  bepn  at  the  beginning  —  is 
a  phenomenon  of  contractility  (instigated  by  a  condition  of  irrita- 
bility), can  neither  be  safely  aflSrmed  nor  denied  at  the  present 
time,  but  it  seems  to  me  that  this  idea  is  not  unworthy  of  serious 
consideration. 
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Gastriilation  seems  to  be  the  result  of  the  celb  in  certain  regions 
changing  their  shapes.  It  has  been  suggested  that  the  change  in 
shape  is  due  to  differences  in  the  surface  tension  on  the  outer  and 
inner  ends  of  the  cells  caused,  for  instance,  by  the  accumulation  of 
carbon  dioxid  within  the  interior  of  the  blastula.  By  puncturing  or 
centrifuging  the  blastula  of  the  frog's  egg  and  setting  free  its  con- 
tents, it  has  been  shown  with  some  probability  that  gastrulation  can- 
not be  accounted  for  in  this  way.  Also  after  increasing  the  amount 
of  carbon  dioxid  in  the  surrounding  medium  to  an  amount  presum- 
ably equivalent  to  what  the  interior  of  the  egg  may  be  supposed  to 
contain,  it  has  been  found  that  gastrulation  may  still  take  place. 

It  has  been  shown,  by  cutting  off  parts  of  the  blastula,  that  the 
celb  have  remarkable  powers  of  contractility  so  that  they  readily 
change  their  shape  in  order  to  close  an  open  space.  If  we  make  this 
same  property  responsible  for  gastrulation,  we  appeal  to  a  demon- 
strable property  of  the  cells.  For  these  and  other  reasons  it  seems  to 
me  probable  that  gastrulation  may  be  simply  a  contractile  phenome- 
non. If  this  be  granted,  we  find  here  a  principle  that  can  be  applied 
to  all  other  cases  where  formative  changes  take  place  by  pouch-like 
outgrowths  or  ingrowths. 

Another  even  more  common  process  that  brings  about  changes  in 
form  is  that  of  thickening  in  certain  regions,  —  proliferation  being 
only  a  variant  of  the  same  process.  The  formation  of  the  medullary 
tube  of  the  vertebrates  furnishes  a  good  example.  The  cells,  present 
at  first  over  a  wide  area,  draw  together  by  a  change  of  shape  until 
they  come  to  form  a  small,  nearly  solid  tube.  I  know  of  no  other 
explanation  competent  to  account  so  well  for  this  process  as  a  change 
in  shape  resulting  from  the  contraction  of  the  individual  celb.  The 
result  is  due,  not  to  the  contraction  of  the  medullary  plate  as  a  whole, 
nor  to  growth  in  certain  regions  (which  might  account  for  the  bend- 
ing in),  but  rather  to  a  continuous  process  of  shifting  of  the  celb  on 
each  other. 

Were  there  time  to  go  into  detaib  it  could  be  shown  that  most  of 
the  changes  in  embryonic  form  can  be  similarly  accounted  for  as  the 
outcome  of  the  contractile  changes  shown  by  the  celb  of  different 
regions.  If  we  admit  that  regional  differences  exist  —  in  fact,  we 
have  ocular  evidence  that  they  do  —  we  can  understand  that  differ- 
ences in  the  behavior  of  the  celb  of  these  regions  must  exbt  abo. 

In  respect  to  regeneration  we  find  that  one  of  the  first  changes  that 
takes  place  when  a  part  b  removed  b  the  closure  of  the  cut  surface. 
I  have  studied  thb  process  with  some  care  in  the  hydroid  Titbidaria, 
and  had  previously  done  so  in  the  embryo  of  the  frog.  In  both,  the 
closure  b  due  to  a  contractile  process  of  the  celb,  especially  of  those  near 
the  cut  surface,  —  those,  in  fact,  that  have  lost  connection  with  their 
fellow  celb  and  in  consequence  their  previous  state  of  tension.  The 
process  involves  the  cut  edge  as  a  whole,  and  the  changes  that  follow 
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extend  in  diminishing  force  to  more  distant  regions  of  the  organism. 
The  edge  behaves  as  a  whole  because  all  the  cells  at  a  given  distance 
from  the  cut  surface  are  under  the  same  influence  and  readjust  them- 
selves to  each  other  accordingly.  Thus,  while  the  individual  cells  act 
as  units,  their  activity  is  regulated  into  a  continuous  process  on  ac- 
count of  the  uniformity  of  the  stimulus,  conditioned,  however,  by  the 
relation  of  the  cells  to  each  other;  for  the  mutual  contact  of  the  cells 
is  one  of  the  controlling  influences  in  the  change.  One  appreciates 
this  fact  most  clearly  if,  after  cutting,  the  exposed  edges  are  brought 
again  into  contact.  Despite  the  fact  that  they  have  been  momen- 
tarily exposed  to  the  surrounding  medium,  they  cease  or  do  not  begin 
to  contract  when  the  contact  with  other  cells  is  again  established. 

Some  time  after  the  cut  surfaces  have  closed,  the  cells  near  the  cut 
end  lose,  in  part,  their  former  differentiations ;  the  localization  of  the 
new  organs  then  follows,  and  later  the  redifferentiation  of  the  cells. 
This  series  of  events  can  be  understood,  in  a  sense,  as  due  to  a  loss 
of  the  original  contact  relations  which  are  not  regained  by  the  closure 
of  the  cut  surface.  There  follows,  as  a  consequence,  a  loss  of  the 
original  differentiation  of  the  celb  near  the  cut  surface.  A  rediffer- 
entiation follows,  based  on  the  new  contact  relations  established 
between  the  old  and  the  new  cells.  In  fact,  there  is  seldom  any  such 
sharp  line  between  the  old  and  the  new  cells  as  is  generally  supposed. 
We  find,  on  the  contrary^  that  the  loss  of  differentiation  is  most  at 
the  cut  edge,  and  gradually  less  in  the  old  parts.  Correspondingly 
there  is  less  remodelling  of  the  cells  the  farther  they  lie  from  the  cut 
surface. 

Before  the  differentiation  begins,  the  localization  of  the  new  organs 
takes  place.  This  is  accomplished  by  exactly  the  same  kinds  of  pro- 
cesses that  occur  in  embryonic  development,  namely,  invagination, 
thickening,  —  with  or  without  cell  divisions,  —  inwandering,  and  the 
like.  If  we  ascribe  these  changes  to  contractility  in  the  embryo,  we 
may  safely  use  the  same  explanation  for  the  regenerative  process.  It 
is  the  localization  of  these  contractile  phenomena  (that  are  only  the 
visible  changes  of  what  is  going  on)  that  is  the  really  essential  problem 
of  formative  action. 

The  dictum  that  the  fate  of  a  cell  is  a  function  of  its  position  has 
been  in  the  main  substantiated,  provided  we  admit  that  before  the 
process  of  cleavage  itself  a  change  is  initiated  that  has  an  important 
bearing  on  the  fate  of  the  cell.  How  far  this  change  is  directly  caused 
before  the  division  process  or  results  afterward  from  the  relation  of 
the  cell  to  its  neighbors,  need  not  be  discussed  for  the  moment. 

My  studies  of  the  regenerative  process  led  me  to  conclude  that  the 
pressure  and  tension  relations  of  the  parts  with  respect  to  each  other 
furnish  the  stimuli  that  lead  to  formative  changes.  The  kind  of 
response  to  pressure  that  occurs  was  supposed  to  be  determined  by 
the  material  basis  of  the  embryonic  cells,  and  by  the  material  char- 
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acter  of  the  differentiated  celb.  This  view,  as  a  first  approximation, 
still  seems  to  me  to  contain  a  part  of  the  .truth ;  but  it  is  insufficient 
in  so  far  as  it  seems  to  refer  the  formative  changes  to  the  direct  result 
of  mechanical  pressure  and  tension.  It  seems  to  me  now  that  the 
result  is  more  indirect,  for  the  irritability  of  the  cell  is  the  real  factor 
that  determines  its  relation  to  other  cells ;  and  while  pressure  is  one 
factor  that  has  an  important  influence  in  exciting  the  irritability  of 
the  cell  and  leading  to  a  reaction  in  it,  yet  the  kind  of  response  is  de- 
termined by  the  irritability  rather  than  by  the  pressure.  Moreover, 
the  cells  themselves  are  not  simply  held  together  by  pressure,  but 
their  relation  to  each  other  is  also  regulated  through  their  contact 
reaction. 

Two  essential  points  are  involved  in  the  preceding  discussion :  first, 
the  action  of  the  formative  changes  in  the  undivided  and  dividing 
egg,  and  second,  the  reaction  between  the  blastomeres  after  their  for- 
mation. If  the  egg  were  only  a  mixture  of  materials,  in  the  sense  of 
having  no  other  formative  factors  than  that  possessed  by  a  mixture, 
localization  would  be  due  to  external  factors  to  which  different  parts 
of  the  egg  respond  differently.  Since  it  has  been  shown  to  be  im- 
probable that  the  visibly  different  materials  in  the  egg  cause  develop- 
ment in  this  way,  and  further,  since  any  part  of  some  eggs  may 
produce  a  whole  embryo,  we  must  assume  that  localization  is  the 
result  of  some  other  property  of  the  egg;  and  it  seems  probable  that 
this  must  be  referred  to  the  molecular  structure  of  the  egg  that  gives 
to  it  its  stereometrical  relations.  Such  an  arrangement  can  not  be  an 
absolute,  but  a  relative  one,  a  condition  of  equilibrium  for  whatever 
amount  of  material  is  present.  On  this  assumption  we  can  give  a 
consistent  account  of  the  experimental  results.  This  idea  leads  to  a 
fundamental  consideration.  It  is  assumed  that  the  molecular  ar- 
rangements of  the  e^  furnish  the  basis  for  the  changes  that  take 
place  during  development.  The  blastomeres  owe  their  determinative 
character,  in  the  fiirst  instance,  to  this  molecular  structure.  After 
division  each  retains  its  fundamental,  supplemental  relation  to  the 
rest.  But  this  is  maintained  only  so  long  as  the  blastomere  remains 
a  part  of  the  whole,  and  may  change  if  its  relation  to  the  others  is 
altered.     The  extent  to  which  it  may  change  differs  in  different  eggs. 

To  sum  up :  —  Our  knowledge  of  cells  justifies  us  in  attributing  to 
them  individually  the  properties  of  irritability  and  contractility,  —  the 
reaction  depending  on  the  nature  of  the  stimulus  and  the  material  com- 
position of  the  protoplasm.  The  sum  total  of  the  effect  produced  is 
the  formative  action.  A  change  in  any  one  part  involves  changes  in  all 
other  parts  in  proportion  to  their  distance  from  the  primary  change. 
Hence  the  formative  influence  seems  to  affect  the  organism  as  a  whole. 
In  reality  it  is  the  total  effect  of  a  vast  number  of  small  effects  trans- 
mitted from  cell  to  cell,  owing  to  their  contact  with  each  other.  We 
need  not  suppose  that  irritability  is  an  impulse  that  is  transmitted  as 
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such  from  cell  to  cell,  but  rather  that  each  cell  responds  to  any  and 
all  changes  of  position  of  neighboring  cells  as  the  result  of  a  contact 
reaction  of  the  cells  with  each  other.  In  other  words,  what  we  call 
contact-action  or  stereotropism  (that  plays  a  r6le  in  many  unicellar 
and  in  some  multicellar  organisms  with  regard  to  external  reactions) 
represents  also  the  kind  of  reaction  that  takes  place  between  the  cells 
of  the  embryo.  They  react  by  contracting,  which  leads  to  a  change  of 
shape,  and  the  sum  total  of  such  reactions  is  the  Formative  Principle 
of  development  and  regeneration. 
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THE     QUANTITATIVE    STUDY    OP    THE     INTERNAL 
FACTORS  CONTROLLING  REGENERATION 

.     CHARLES  ZELENY 

Our  knowledge  of  the  internal  factors  controlling  regeneration 
is  based  in  large  part  on  single  cases,  which  are  analyzed  in  the  at- 
tempt to  deduce  the  probable  factors  concerned.  This  method  is 
subject  to  error  in  at  least  two  important  points :  first,  a  comparative 
study  is  necessary  in  order  to  eliminate  the  non-essential  charac- 
teristics; second,  because  of  individual  variation  and  the  possibility 
of  difference  in  experimental  conditions  a  few  individuals  are  not 
sufficient  to  enable  one  to  come  to  a  decision  as  to  the  importance  of 
any  factor. 

In  the  investigation  of  a  great  many  of  the  factors  controlling 
regeneration  it  is  therefore  obviously  necessary  to  use  a  considerable 
number  of  individuab.  By  comparing  a  large  group  with  another 
group  differing  only  with  respect  to  the  factor  to  be  studied,  it  is 
evidendy  possible  to  obtain  definite  quantitative  data  regarding  the 
factor  concerned. 

I  wish  to  call  your  attention  to  recent  work  along  these  lines, 
pardy  completed  and  partiy  in  progress,  which  shows  the  feasibility 
of  thb  method  in  the  study  of  certain  internal  factors  at  least. 

Four  factors  may  be  chosen  for  this  purpose :  first,  the  relation  of 
degree  of  injury  to  the  rate  of  regeneration;  second,  the  effect  of 
successive  removal  on  regeneration;  third,  the  effect  of  age  on  re- 
generation; and  fourth,  the  effect  of  removal  and  regeneration  of 
an  organ  upon  other  parts  of  the  body. 

Taking  these  up  in  turn,  the  first  to  be  considered  is  the  effect  of 
degree  of  mjury  on  the  rate  of  regeneration. 

The  results  of  two  completed  cases  have  been  printed.  The  first 
of  these  concerns  the  arms  of  the  brittie-star,  Ophioglypha  lacertosa. 
Five  groups  of  individuals  were  used  in  the  experiment,  as  follows : 

(a)  One  arm  removed. 

(6)  Two  arms     " 

(c)  Three  " 

(d)  Four     " 

(e)  Five      " 

It  was  found  that  animals  with  four  removed  arms  showed  the 
greatest  rate  of  regeneration,  and  from  this  maximum  the  rate  de- 
creased in  both  directions. 
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The  second  case  concerns  the  chelae  of  the  crayfish,  Cambanu 
propinquus.     Two  groups  of  crayfish  were  used,  as  follows: 

(a)  With  the  right  chela  removed. 

(b)  With  both  chelae  and  the  last  two  pairs  of  walking  legs  removed. 
It  was  found  that  the  rate  of  regeneration  of  the  right  chela  in  the 

second  group,  the  one  with  the  greater  injury,  was  greater  than  in 
the  first  group.  This  case  is  complicated  by  factors  related  to  the 
moulting  habit,  and  may  have  to  be  modified  after  a  more  extended 
study  of  these  relations. 

A  third  case,  completed  and  in  press,  has  been  worked  out  by 
my  student,  Mr.  Ellis.  It  concerns  the  walking  legs  of  the  fresh-water 
sow-bug,  MancaseUus  macrourus.  Several  groups  of  individuab 
were  compared,  which  were  different  only  as  regards  the  number  of 
legs  removed.  It  was  found  that  the  lowest  rate  of  regeneration  did 
not  come  when  one  leg  alone  was  removed  but  when  two  or  three 
were  removed.  From  this  maximum,  as  before,  the  rate  was  found  to 
diminish  in  both  directions. 

In  a  fourth  case  the  author  has  completed  the  experiments,  but 
the. data  are  not  yet  fully  worked  up.  The  general  data  and  results 
follow.  Five  groups  of  the  scyphozoan,  Cassiopea  xamachana,  were 
used: 

(a)  One  oral  arm  removed. 

(b)  Two  oral  arms     " 

(c)  Three"       " 

(d)  Four   "       " 

(e)  Five    "       " 

It  was  found  that  the  rate  of  regeneration  of  an  arm  is  greatest 
when  three  arms  are  removed,  and  from  this  maximum  it  dimin- 
ishes in  both  directions. 

Other  cases,  including  salamander  and  frog  larvae,  will  soon  be 
completed. 

The  general  result  is  clear,  that  an  appendage  does  not  regenerate 
at  its  maximum  rate  when  it  alone  is  removed.  The  maximum  rate 
occurs  when  other  appendages  are  removed  at  the  same  time.  The 
amount  of  this  additional  injury  necessary  to  bring  about  the  maxi- 
mum rate  varies  in  different  species. 

I  wish  to  emphasize  the  point  that  the  determination  of  this 
general  fact  has  necessitated  the  use  of  both  the  quantitative  and 
the  comparative  method. 

The  second  factor  is  the  effect  of  successive  injury  on  regenera- 
tion. The  general  statement  has  frequendy  been  made  that  succes- 
sive removal  does  not  influence  the  character  of  regeneration,  but 
this  conclusion  is  not  based  on  any  adequate  data. 

One  experiment  under  this  head  has  been  completed  and  its  re- 
sults are  now  in  press.  It  concerns  the  successive  regenerations  of 
the  right  chela  in  the  gulf-weed  crab,  Poriunvs  sayi.    A  study  based 
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on  about  two  hundred  individuals  shows  that  the  rate  of  regenera- 
tion increases  with  successive  injury,  but  this  increase  in  rate  is 
entirely  due  to  increase  with  age.  Therefore  it  b  concluded  that  in 
this  case  successive  removal  neither  accelerates  nor  retards  the  rate 
of  regeneration. 

Three  experiments  have  been  completed  and  measurements  are 
now  being  taken.    These  are : 

(2)  T^e  chelae  of  the  shrimp. 

(3)  The  chete  of  the  crayfish. 

(4)  The  tail  of  the  salamander  larva. 

The  third  factor  is  the  eflFect  of  age  on  regeneration.  Considerable 
general  work  has  been  done  along  this  line,  though  very  little  of  it  is 
conclusive.  The  general  statement  is  made  that  young  animals  re- 
generate more  rapidly  than  older  ones.  Several  exceptions  have, 
however,  been  pointed  out. 

One  experiment  under  this  head  has  been  completed  and  the  re- 
sults are  in  press.  It  is  a  study  of  the  regeneration  of  the  chelae  in 
the  male  gulf-weed  crab,  Portunus  sayi. 

In  normal  crabs  the  specific  length  of  the  chelae,  that  is,  the  chela 
length  divided  by  the  thoracic  length,  increases  slightly  with  age 
between  the  limits  of  3.0  and  15.0  mms.  of  thoracic  length.  Cor- 
respondingly between  these  limits  there  is  a  slight  increase  in  specific 
rate  of  regeneration  with  age.  If,  however,  we  divide  the  regenerated 
chela  length  in  each  case  by  the  removed  or  original  chela  length,  we 
get  a  specific  rate  which  is  constant  for  all  sizes  of  individuals.  This 
more  valid  specific  rate  shows  that  there  is  no  change  in  the  power  of 
regeneration  between  the  limits  named. 

Experiments  on  the  chelae  of  the  shrirflp  and  crayfish  and  on  the 
tail  of  frog  and  salamander  tadpoles  have  been  completed  and  meas- 
urements are  being  made. 

The  fourth  factor  is  the  effect  of  removal  and  regeneration  of  an 
organ  upon  other  organs  of  the  body.  In  cases  where  no  regenera- 
tion takes  place  it  has  been  known  for  a  long  time  that  removal  of 
an  organ  is  often  followed  by  increase  in  size  and  functional  eflSciency 
of  other  similar  organs  of  the  body.  Thus,  when  an  arm  or  kidney 
is  removed  the  corresponding  organ  of  the  other  side  of  the  body  is 
increased  in  size  and  eflBciency. 

It  is  interesting  to  see  whether  such  an  increase  occurs  in  case 
regeneration  of  the  removed  organ  takes  place.  The  determination 
of  this  fact  must  necessarily  have  an  important  bearing  on  the  ques- 
tion of  distribution  of  formative  and  food  material  during  both  re- 
generation and  hypertrophy.  It  has  already  been  shown  that  in  some 
cases  where  two  opposite  appendages  of  an  animal  are  asymmetrical 
the  removal  of  the  larger  one  brings  about  a  structural  as  well  as  a 
quantitative  change  in  the  other.  This  was  discovered  by  Przibram 
in  the  chelae  of  Alpheus,  and  independently  by  the  author  in  the  case 
of  the  opercula  of  the  serpulid  worms. 
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It  remains  to  determine  whether  a  similar  change  occurs  in  the 
case  of  synmietrical  opposite  organs. 

One  experiment  has  been  completed  and  its  results  are  now  in 
press.  It  concerns  the  efiFect  of  removal  and  regeneration  of  the 
right  chela  upon  the  growth  of  the  left  chela  in  the  gulf-weed  crab, 
Portunus  sayi.  It  was  found  that  the  growth  of  the  left  chela  is  not 
influenced  by  the  removal  and  regeneration  of  the  right  chela. 

An  experiment  along  similar  lines  on  the  chelae  of  the  shrimp  has 
been  completed,  and  the  measurements  will  be  made  as  soon  as 
possible. 

It  seems  to  the  author  that  the  examples  given  are  suflScient  to 
indicate  the  feasibility  of  the  method  in  the  study  of  these  and  other 
internal  factors  controlling  regeneration. 
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THE  EMBRYOLOGICAL  SIGNIFICANCE  OP  THE  DIREC- 
TION OF  DIFFERENTIATION  IN  REGENERATING 
APPENDAGES 

CHARLES  ZELENY 

Studies  of  the  problem  of  differentiation  have  been  based  in 
large  part  on  the  consideration  of  the  process  as  directed  by  one  or 
the  other  of  two  opposing  principles.  According  to  one,  dinerentia- 
tion  is  essentially  or  wholly  controlled  from  within,  while  according 
to  the  other  the  outer  relations  of  the  parts,  especially  the  functional 
contact  with  the  outside  world,  are  the  essential  factors.  If  the  first 
of  these  is  the  correct  one,  differentiation  may  be  expected  to  proceed 
in  an  outward  direction.  If  the  second  is  true,  differentiation  should 
proceed  in  an  inward  direction. 

Most  of  the  recent  discussions  have  assumed  one  or  the  other  of 
these  directions  of  differentiation  to  be  the  essential  one.  For  in- 
stance, Holmes  in  a  recent  paper  considers  differentiation  to  proceed 
essentially  from  within  outward,  while  Child  considers  the  opposite 
direction  to  be  the  primary  one. 

I  wish  to  call  your  attention  to  some  recent  observations  on  the 
r^eneration  of  appendages  which  show,  first,  that  both  directions 
may  occur  within  the  period  of  development  of  a  single  appendage; 
second,  that  one  direction  may  occur  in  one  appendage  and  the  other 
direction  in  another  appendage  of  the  same  animal;  thirdy  that 
this  difference  in  direction  of  differentiation  cannot  at  present  be 
explained  by  any  differences  in  structure  or  relations  of  the  adjacent 
old  parts  from  which  the  new  ones  are  growing;  fourth,  that  there 
are  indications  of  a  close  relation  between  the  direction  of  differentia- 
tion and  the  relative  functional  importance  of  the  parts  of  the  organ 
about  to  be  formed.  In  other  words,  the  part  of  more  immediate 
value  is  formed  first.  The  direction  of  differentiation  is  thus  of  pro- 
spective significance  in  much  the  same  sense  that  Lillie  showed  the 
character  of  cleavage  to  be  of  prospective  significance  in  many 
cases. 

The  observations  upon  which  these  conclusions  are  based  were 
made  by  the  author  upon  the  antennule  of  the  fresh-water  sow-bug, 
Mancasdlus  macrourus,  and  by  his  student,  John  D.  Haseman,  on  the 
antenna  of  Mancasellus  macrourus,  on  the  antenna  and  antennule 
of  Everangonax  gracilis,  on  the  walking  legs  of  Mancasellus  maC" 
rourus  and  Eucrangonax  gracilis  and  on  the  chelae  and  walking  legs 
of  the  crayfish,  Cambarus  propinquus.    In  the  case  of  the  antennule 
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of  MancaseUus  macrourus  the  embryonic  as  well  as  the  regeneratory 
development  was  worked  out,  and  it  was  found  to  agree  with  the  latter 
in  all  respects. 

According  to  these  observations  differentiation  in  the  antenna 
and  antennule  of  M.  macrourus  and  the  antenna  of  E.  gracilis  pro- 
,ceeds  for  a  short  time  from  within  outward,  and  then  begins  at  the 
tip  and  proceeds  inward.  Since  the  antennae  and  antennules  are 
essentially  sense  organs,  the  terminal  portions  are  obviously  of  most 
importance  in  the  exercise  of  their  peculiar  functions,  and  correspond- 
ingly it  is  found  that  as  soon  as  the  few  basal  supporting  segments 
are  formed  the  terminal  segment  is  the  first  to  be  differentiated. 

In  the  thoracic  appendages  of  the  crayfish  Haseman  has  found 
a  very  interesting  difference  in  direction.  Working  first  on  the  last 
two  pairs  of  walking  legs,  the  ones  without  pinchers,  he  found  that 
differentiation  proceeds  from  the  base  outward,  the  basal  segment 
being  separated  first  and  the  terminal  one  last.  With  this  the  direc- 
tion in  the  walking  legs  of  MancaseUus  and  Eucrangonax  agrees. 
Since  this  direction  is  the  reverse  of  that  described  by  Emmel  for 
the  chelae  of  the  American  lobster  Haseman  was  led  to  repeat  the 
experiment  on  the  chelae  of  the  crayfish.  He  finds  that  in  the  chelae 
and  first  two  pairs  of  walking  legs,  the  ones  with  pinchers,  the  termi- 
nal or  pincher  segments  are  the  first  to  be  formed,  thus  confirming 
Emmel's  observations.  In  the  crayfish,  then,  the  chelae  and  first  two 
pairs  of  walking  legs  differentiate  from  the  tip  inward,  while  the  last 
two  pairs  of  walking  legs  differentiate  from  the  base  outward.  Obvi- 
ously the  pinching  segments  are  the  essential  ones  in  the  former 
instance,  as  far  as  the  typical  function  of  the  organs  is  concerned,  while 
in  the  latter  appendages  the  terminal  segment  is  not  of  special  or 
distinctive  importance.  Thus  the  direction  of  differentiation  can  be 
associated  with  the  prospective  value  of  the  parts  to  be  formed. 

It  seems  to  the  author  that  a  further  study  of  the  factors  determin- 
ing this  difference  will  yield  valuable  results,  not  only  in  regenerating 
organs  but  also  in  normal  embryonic  development.  At  any  rate,  no 
general  theory  concerning  the  factors  controlling  regeneration  can 
be  accepted  which  does  not  take  into  account  these  differences  in 
direction  of  differentiation. 
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CORRELATION  IN  REGULATION 
C.  M.  CHILD 

The  phenomena  of  form-regulation  in  certain  species  which  in 
nature  give  rise  to  colonies,  afford  a  basis  for  conclusions  of  import- 
ance for  organisms  in  general.  In  Tubularia,  for  example,  where  the 
complete  individual  or  system  consists  of  hydranth,  stem,  and  stolon, 
growth  of  this  system  beyond  a  certain  size-limit,  which  varies  greatly 
in  different  cases,  results  in  the  formation  of  new  systems  from  a  part 
of  the  celb  present,  and  a  colony  arises.  But  we  are  also  able  to  ob- 
serve colony-formation  in  Tubularia  under  experimental  conditions 
and  to  control  it  to  a  certain  extent. 

The  formation  of  a  hydranth  at  the  aboral  end  of  a  piece  of 
Tubularia-stem  which  bears  an  oral  hydranth  "is  as  certainly  a  case 
of  asexual  multiplication,  colony-formation,  or,  as  we  may  call  it, 
division  of  the  system,  as  any  that  occurs  in  nature  under  normal 
conditions.  In  pieces  of  Tubularia-stem  with  a  free  cut  surface  at 
each  end  a  hydranth  appears  at  the  oral  end,  and  at  first  either  a 
stolon  or  a  hydranth,  but  in  most  cases  finally  a  hydranth  at  the 
aboral  end.  The  frequency  of  stolon-formation  is  greatest  in 
freshly  collected  specimens,  and  decreases  as  the  length  of  time  in  cap- 
tivity increases.  In  other  words,  the  longer  the  specimens  are  kept 
under  artificial  conditions  the  earlier  and  more  readily  does  divi- 
sion of  the  system  occur.  Moreover,  when  pieces  of  different  lengths 
with  oral  ends  at  the  same  level  are  compart,  we  find  that  the  aboral 
hydranth  appears  in  general  earlier  in  longer  and  later  in  shorter 
pieces  down  to  a  certain  limit,  i.  e,,  the  longer  the  piece  the  earlier, 
does  division  of  the  system  occur,  and  vice  versa.  Such  division  of 
the  system,  i.  e.,  the  formation  of  a  second  hydranth  at  the  aboral 
end  of  the  stem  in  place  of  a  stolon,  can  occur  only  when  this  region 
is  to  a  greater  or  less  extent  physiologically  isolated  from  other  parts, 
i,  e.,  when  its  correlations  with  other  parts  of  the  system  are  reduced 
below  a  certain  minimum. 

From-  these  and  many  other  experiments  we  must  conclude  that 
the  formation  of  an  aboral  hydranth  in  pieces  of  Tubularia-stems 
bearing  an  oral  hydranth  is  due  essentially  to  a  decrease  in  the  size- 
limits  of  the  system  below  the  size  of  the  piece,  in  consequence  of 
which  a  more  or  less  complete  physiological  isolation  of  the  aboral 
region  occurs,  and  this  region  reacts  at  its  free  end  as  if  almost  or 
quite  physically  isolated,  and  forms  a  hydranth.    This  being  the  case, 
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it  follows  that  the  size-limits  of  the  system  vary  with  conditions.  The 
facts  noted  above,  concerning  the  frequency  of  stolon-formation  and 
the  time  of  aboral  hydranth-lormation,  indicate  that  the  size-limits 
of  the  system  decrease  with  decreasing  vigor  of  the  system. 

In  other  words,  distance  is  a  factor  of  great  importance  in  corre- 
lation. The  greater  the  vigor  of  the  system,  the  greater  the  distance 
within  which  the  correlations  are  efifective,  and  vice  versa.  Increase 
in  vigor  brings  about  increase  in  the  size-limit  of  the  system,  and 
decrease  in  vigor  results  in  decrease  in  the  size-limit.  The  distance- 
factor  in  correlation  is  probably  to  be  interpreted  as  indicating  a 
decrease  in  eflFectiveness  in  transmission  of  stimuli  and  other  physio- 
logical effects  from  their  point  of  origin. 

According  to  this  view  asexual  multiplication  may  occur  either  by 
growth  beyond  the  limits  of  the  system  or  by  decrease  in  the  limits  of 
the  system  below  the  size  of  the  piece  or  organic  continuum.  But 
typical  asexual  multiplication  can  occur  only  in  case  the  material 
which  escapes  from  correlation  is  totipotent.  In  case  it  is  not  totipo- 
tent, one  of  two  results  must  follow  when  it  escapes  from  correlation: 
viz.,  formation  of  a  partial  system  or  atrophy  and  degeneration. 

Numerous  examples  of  the  formation  of  partial  systems  occur 
among  the  data  of  form-regulation,  and  illustrate  the  first  of  these 
possibilities.  In  these  cases  the  character  of  the  partial  system  is 
determined  by  the  previous  correlations  of  the  region  involved  with 
other  parts  and  by  the  presence  or  absence  and  the  character,  if 
present,  of  correlations  under  the  conditions  of  the  experiment. 

The  periodical  degeneration  of  the  hydranth  of  Tubularia  is  a 
good  illustration  of  the  second  alternative.  Experiments  have  dem- 
onstrated that  the  hydranth  is  incapable  of  giving  rise  to  other  parts 
of  the  Tubularia-system.  It  is  also  a  well-known  fact  that  the  hydranth 
after  reaching  a  certain  size,  degenerates,  even  under  natural  condi- 
tions, and  that  in  captivity  the  hydranths  are  always  lost  after  a  few 
days.  The  degenerated  hydranth  is  replaced  by  another  smaller  hy- 
dranth, which,  under  natural  conditions,  may  reach  the  same  size 
as  the  former,  or,  under  more  favorable  conditions,  even  a  lar^r  size, 
•  before  undergoing  degeneration.  In  specimens  kept  in  captivity,  how- 
ever, the  new  hydranth  usually  degenerates  before  it  has  reached  the 
size  of  the  former,  and  the  stem  continues  to  produce  hydranths  in 
succession,  each  smaller  than  the  preceding,  until  its  energy  is  ex- 
hausted. Here  the  size  attained  by  the  hydranth  b  manifesdy  deter^ 
mined  by  the  physiological  condition  of  the  system.  In  other  words, 
the  maximal  size-limit  of  the  hydranth-system  varies  with  the  condi- 
tion of  the  whole  system.  Since  the  parts  of  the  hydranth  possess 
the  power  of  indefinite  growth,  but  are  incapable  of  giving  rise  to 
other  parts  of  the  Tubularia-system  when  they  escape  from  correla- 
tion, they  must  undergo  degeneration  when  the  size-Umit  correspond- 
ing to  the  existing  conditions  is  exceeded. 
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The  simultaneous  formation  of  double  structures  in  very  short 
pieces  of  Tubularia  and  of  various  other  forms  must  be  primarily  the 
result  of  absence  or  insuflSciency  of  correlation  between  the  two  ends 
of  the  piece  in  consequence  of  their  physiological  similarity.  In 
other  words,  one  region  is  not  physiologically  dominant  as  in  longer 
pieces,  because  both  ends  react  similarly  by  virtue  of  their  previous 
position  in  the  whole,  and  consequently  produce  like  structures  simul- 
taneously. The  varying  results  in  very  short  pieces  are  the  conse- 
quences of  the  varying  degrees  of  physiological  differentiation  of  the 
two  ends,  as  can  readily  be  shown.  But  further  discussion  of  this 
point  must  be  left  to  another  time. 

We  are  justified  in  concluding  from  these  and  other  data  which 
cannot  be  presented  here,  that  the  distance  within  which  correlations 
are  effective  b  a  factor  in  determining  the  specific  size  of  organisms. 
This  factor  must  vary  according  to  the  specific  constitution  of  the 
material  composing  the  system  and  abo  according  to  the  energy  of 
the  processes  involved. 

Undoubtedly  in  nature  many  species  rarely  or  never  attain  the 
maximal  size-limit  of  the  system  because  of  inability  to  obtain  or 
assimilate  sufficient  nutrition.  Such  species  are  highly  variable  in 
size  according  to  the  conditions  of  life.  On  the  other  hand,  certain 
species  possess  a  typical  size  with  only  relatively  slight  variations. 
Increased  nutrition  does  not  lead  to  increase  in  size  except  by  the 
formation  of  inert  substances,  e.  g.,  fat.  In  such  species  the  typical 
size  may  represent  the  maximal  size  possible  for  a  system  of  that  con- 
stitution, or  it  may  be  determined  by  the  loss  of  the  power  of  indefi- 
nite growth  with  increasing  differentiation  of  the  tissues.  It  is  for 
the  future  to  determine  how  far  each  of  these  factors  may  be  concerned 
in  particular  cases,  and  abo  whether  other  factors  are  involved. 

There  are  certain  phenomena  which  occur  even  in  the  highly 
diflFerentiated  systems  which  we  call  the  higher  animab,  that  remind 
us  in  certain  respects  of  the  formation  of  new  systems  in  the  lower 
forms  and  are  perhaps  to  be  regarded  as  the  result  of  escape  from 
correlation  of  certain  celb  or  cell-groups.    These  are  the  neoplasms, 
or  certain  of  them,  which,  since  they  lead  to  nothing  typical  of  the 
species  and  are  of  relatively  rare  occurrence,  are  regarded  as  patho- 
logical   and  abnormal  phenomena.     In  most,  if  not  all  cases,  they 
appear    from  our  present  knowledge  to  consist,  first,  in  excessive 
growth   of  certain  cells  or  cell-groups,  and  second,  in  the  formation 
in  many  cases  of  partial  or  atypical  systems,  including  either  certain 
kinds   of  celb  or  tissues  characteristic  of  the  normal  organism  but 
often  in  atypical  relations,  or  ebe  forming  cell-masses  wholly  atypical 
in  character,  and  in  some  cases  undergoing  degeneration.    It  is  impos- 
sible at  this  time  to  dbcuss  in  detail  the  various  points  of  resemblance 
betTveen  these  structures  and  the  formation  of  new  systems  asexually 
in  loiver  organisms,  but  the  suggestion  that  they  are  essentially  simi- 
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lar  in  nature  is  presented  for  consideration.  The  fact  that  they  are  so 
frequently  associated  with  traumatic  conditions,  which  involve  alter- 
ation of  certain  cells  and  relatively  rapid  regulatory  growth,  certainly 
accords  with  this  suggestion,  for  these  conditions  favor  the  escape  of 
cells  from  correlation.  Moreover,  their  more  frequent  occurrence 
with  increasing  age,  i,  e,,  with  decreasing  activity  of  the  system,  is  a 
fact  which  points  in  the  same  direction.  The  very  incomplete  or 
atypical  character  of  the  neoplasma-system  is  probably  due,  on  the 
one  hand,  to  the  potences  of  the  cells  which  form  it,  and,  on  the  other, 
to  the  conditions  under  which  its  growth  and  differentiation  take 
place.  As  these  differ  from  the  conditions  of  normal  development,  so 
will  the  result  differ  from  the  normal  form. 

It  is  probable  that  the  formation  of  certain  double  or  partially 
double  or  multiple  monsters  during  the  embryonic  period  is  the  result 
of  a  somewhat  similar  division  of  the  system.  Division  of  the  egg  or 
embryo  into  two  or  more  systems  more  or  less  complete,  may  occur 
in  consequence  of  decreased  correlation  with  altered  conditions. 

These  suggestions  afford  us  a  point  of  view  rather  than  a  com- 
plete analysis  and  interpretation  of  the  phenomena  considered.  But 
the  first  step  in  the  solution  of  a  problem  is  the  recognition  of  its 
nature,  and  the  value  of  analysis  is  in  general  proportional  to  the 
degree  to  which  its  results  are  available  for  synthesb  and  further 
analysis.  The  above  suggestions  are  the  synthetic  results  of  analyti- 
cal consideration  of  certain  regulatory  phenomena  and  are  presented 
in  the  hope  that  they  may  serve  as  a  basis  for  further  consideration 
of  the  problems  involved. 
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SOME    CONTROLLING  INFLUENCES   IN   THE 

DEVELOPMENT    OF   THE    AMPHIBIAN 

EAR   VESICLE 

(Abstract) 

G.  L.  STREETER 

An  exhibition  of  a  series  of  lantern  slides  showing  that  the  posture 
of  the  labyrinth  and  the  planes  of  the  semicircular  canab  is  deter- 
mined by  the  embryonic 
environment  of  the  ear 
vesicle.  The  evidence  is 
based  on  a  series  of  experi- 
ments carried  out  on  Rana 
larvae  before  they  had 
reached  the  motile  stage, 
which  consisted  in  uncov- 
ering the  ear  vesicle  and 
placing  it  in  various  ab- 
normal positions.  At  that 
time  the  ear  vesicle  consists 
of  an  invaginated  cup  just 
in  the  process  of  being 
pinched  oflF  from  the  deeper 
layer  of  the  skin  and  it  may  easily  be  loosened  from  its  natural  bed 
and  placed  upside  down,  or  face  inward,  or  both.  In  some  cases  it 
was  transplanted  in  other  regions  and  on  the  opposite  side.  The 
specimens  were  reared,  and  at  the  end  of  four  to  six  weeks  they  were 
preserved  and  prepared  in  serial  sections.  Reconstructions  were 
then  made  of  the  labyrinth  and  adjoining  structures  after  the  Born 
method,  and  it  was  from  these  that  the  lantern  sUdes  were  prepared. 

As  a  result  of  the  experiments  it  was  found  that  it  made  no  differ- 
ence as  to  which  way  the  ear  vesicle  was  turned ;  in  spite  of  the  inter- 
ference it  eventually  developed  in  the  normal  attitude,  the  saccule 
developing  always  on  the  ventral  surface,  the  semi-circular  canals  on 
the  dorsal  surface,  and  the  endolymphatic  appendage  toward  the 
brain. 

On  the  other  hand  it  is  shown  that  the  dextral  or  sinistral  char- 
acter of  the  ear  vesicle  is  not  controlled  by  the  environment  but  is  an 
inherent  factor  which  distinguishes  the  vesicle  very  early,  before  it  is 


Reconstruction  (Rana  catesbiana),  showing  a 
transplanted  ear  vesicle  between  the  normal 
ear  vesicle  and  the  eye.  The  ear  vesicle  was 
taken  from  another  individual  and  placed  in 
a  subdermal  pocket  close  a^inst  the  other 
ear  vesicle,  with  which  it  did  not  fuse,  but 
developed  independently,  assuming  as  near 
as  possible  a  normal  posture.  The  defects  in 
the  two  vesicles  are  not  distributed  evenly 
over  the  labyrinth  wall,  but  are  localized  at 
the  place  where  they  press  against  each  other. 
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completely  closed  and  pinched  off  from  the  skin.  A  left-sided  ear 
vesicle  when  transplanted  to  the  right  side  retains  its  characteristics 
as  a  left-sided  organ;  the  anterior  canal  is  found  on  the  posterior 
border  of  the  labyrinth,  and  the  posterior  canal  is  found  on  the  ante- 
rior border,  and  the  lagena  which  is  normally  directed  caudalward  is 
found  extending  forward  toward  the  eye.  Aside  from  its  left-sided 
features  it  adapts  itself  to  its  new  position  in  a  normal  manner. 

A  complete  report  of  these  experiments  has  appeared  in  the  Sep- 
tember number  of  the  Journal  of  Experimental  Zoology,  1907. 
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UEBER  DIE  WIRKUNG  DES  HUNGERS  UND  DER 
KALKENTZIEHUNG  BEI  KALKSCHWAMMEN  UND 
ANDEREN   KALKAUSSCHEmENDEN   ORGANISMEN* 

OTTO  MAAS 

Meine  friiheren  Versuche  iiber  die  Einwirkung  der  Kalkentzie- 
hung  auf  die  Entwicklung  der  Kalkschwamme  (1904  a,  6,  c),  habe 
ich  mit  verschieden  abgeanderten  Ldsungen  fortgesetzt  und  auf  er- 
wachsene  Schwamme  auszudehnen  versueht  (1906).  Hierbei  ergab 
sich  ein  Umstand,  der  schon  bei  den  Versuehen  an  Larven  storend 
empfunden  wurde,  der  sich  aber  bei  Erwachsenen  noch  mehr  bemerk- 
bar  macht,  namlich  dass  mit  der  Kalkentziehung  in  der  kiinstlichen 
Losung  zugleich  eine  Entziehung  der  Nahrung  verbunden  ist.  Gerade 
bei  diesen  spateren  Versuehen  zeigten  sich  Andeutungen  von  einer 
Nebenwirkung  des  Hungers.  Wahrend  bei  Sycon-Larven  und 
jungen  Schwammchen  (ebenso  auch  bei  einfachen  Ascon-Rohren) 
sich  die  Kalkentziehung  fast  allein  geltend  macht,  und  zwar  durch 
Einwirkung  auf  das  Skelett,  und  der  Weichkorper  erst  lang'sam  mit 
pathologischen  Veranderungen  nachfolgt,  treten  solche  Wirkungen 
auf  das  Skelett,  insbesondere  das  eigentUmliche  Einschmelzen  schon 
gebildeter  Nadein,  bei  erwachsenen  Schwammen  ganz  zuriick.  Es 
zeigen  sich  dagegen  am  Weichkorper  Involutionserscheinungen,  wie 
sie  ahniich  bei  Hunger  und  schlechten  Lebensbedingungen  auch  bei 
andem  Oi^nismen  beobachtet  worden  sind,  so  von  Driesch  (1905) 
bei  Ascidien,  von  R.  Hertwig  (1906)  und  von  E.  Schultz  (1906)  bei 
Hydren.  Es  konnte  sogar  bei  langsamer,  aber  volliger  Entziehung 
aller  Kalksalze  eine  Art  klinstlicher  Gemmulation  bei  Sycon  hervor- 
gerufen  werden,  indem  der  Weichkorper  sich  vom  Skelett  ganz 
zuriickzieht,  nach  Ausflillung  der  Hohlraume  sich  syncytial 
zusammenschliesst  und  dann  in  Strange  auszieht,  die  nach  und  nach 
in  einzelne  runde  Korper  zerfallen.  Diese  stellen  durchaus  keine 
abgestorbenen  Massen  dar,  sondern  zeigen  amoboide  Zellbewegungen 
und  sind,  wie  ich  damals  vermutete  und  seither  auch  feststellen  konnte^ 
im  Stande,  wieder  ein  kleines  funktionierendes  Schwammchen 
aufzubauen. 

*  Mittlerweile  ver6ffentlicht  in  den  SUzungsberichten  der  Geaellach.  fUr  Morph, 
u.  Phys.,  MUnchen,  1907. 
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Bei  dieser  Analogie  mit  Hungererscheinungen  erschien  es  geboten, 
die  Einwirkung  des  Hungers  von  der  der  Kalkent2dehung  zu  trennen, 
und  da  es  einstweilen  nieht  moglich  ist,  die  Kalkentziehung  ohne  den 
Hunger  vorzunehmen,  darum  die  Hungerwirkung  ailein  zu  probieren, 
und  in  Kontroliversuehen  beides  zusammen. 

leh  beniitzte  dazu  Kalksehwamme,  die  sich  im  Winter  1906-1907 
in  den  Seewasser-Aquarien  des  Miinehener  Zoologisehen  Instituts 
anscheinend  im  besten  Wohlsein  befanden,  und  zwar  Sycan  raphantu 
und  Ascandra  lieberkuhniiy  soweit  sich  letzteres  bei  den  gegenwardgen 
Verhaltnissen  im  System  der  Kaikschwamme  bestimmen  Tiess. 

leh  versuchte  zunachst  liber  den  Grad  der  notwendigen  Fiitterung 
und  liber  das  Einsetzen  des  Hungers  ins  Klare  zu  kommen  und 
maehte  dazu  bei  Ascandra  drei  Versuchsreihen.  Ich  probierte 
zunachst  (a)  Ueberfutterung  zu  erzielen  durch  bestandigen  Zusatz 
von  Detritus  aus  dem  Wasser,  in  dem  Seeigei  gehaiten  wurden, 
(6)  eine  normaie  Fiitterung,  indem  ich  die  Schwamme  in  eine  kleinere 
Zuchtschale  brachte  und  hie  und  da  das  Wasser  vom  grosseren 
Aquarium  her  emeuerte,  und  (c)  eine  richtige  Hungerkuitur,  indem 
Schwammrohren  in  inehrfach  fiitriertes  See  wasser  alhnahiich  iiber- 
gefiihrt  wurden  und  dort  nur  mit  Lufterneuerung  verblieben.  Es 
zeigte  sich,  dass  sich  eine  Ueberfutterung  dabei  iiberhaupt  nicht 
erzielen  liess,  sondern,  dass  gerade  die  Exempiare  der  Kultur  a  auf- 
faliend  gut  gediehen,  sich  weiter  verzweigten  und  erst  nach  mehreren 
Monaten  aus  anderen  Grlinden,  wahracheiniich  durch  eine  sehr 
schnelle  Abkuhlung  eingingen.  Schnitte,  die  kurz  vorher  angefertigt 
wurden,  zeigen  noch  ein  vollig  normales  Bild  mit  weitem  Gastralraum 
und  schonen  Kragenzellen.  Die  Kultur  b  erwies  sich  ab  Hunger- 
kuitur. Es  trat  ein  Zerfall  oder  eine  Selbstverkleinerung  der  Rohien 
auf.  Manchmal  am  Ende,  manchmal  in  der  Mitte  einer  Rohre 
schniirten  sich  Stlicke  ab  und  gingen  zu  Grunde,  wahrend  die  Reste 
laut  Untersuchung  am  Lebenden  wie  an  Schnitten  noch  durchaus 
normal  waren.  Die  abgefallenen  Stiicke  sind  nicht  gemmuloid, 
sondern  im  Absterben  begriffen.  Schliesslich,  nach  etwa  14  Tagen, 
zerfielen  auch  die  noch  intakten  Telle  nach  vorheriger  weiterer  Selbst- 
reduktion.  Es  beweist  dies,  dass  schon  eine  mangelhafte  Nahrungs- 
zufuhr  Hungerwirkung  auslost  trotz  der  noch  auf  den  Schwammchen 
haftenden  Fremdkorperreste  und  Detritus-Teilchen,  sodass  also  eine 
mehrfache  Filtration  des  Wassers  mehr  wie  geniigend  ist  zur  Erzielung 
von  Hungerwirkung.  Dies  zeigte  sich  auch  in  der  Kultur  c,  bei  der- 
eine  schnelle  und  gleichmassige  Veranderung  des  Weichkorpers  in 
alien  Rohrenteilen  eintrat,  ohne  dass  vorher  noch  einzelne  Telle 
abgestossen  wurden  konnten.  Der  Turgor  lasst  nach,  die  Rohre 
wird  ganz  schlaff,  sodass  sie  sich  beim  Konservieren  kriimmt.  Dies 
riihrt  aber  nicht  etwa  von  einer  Veranderung  oder  gar  Aufilosung  der 
Nadeln  her;  denn  diese  bleiben  durchaus  unverandert.  Der  Weich- 
korper  wird  aussen  unregelmassig  lappig  und  innen  syncytial  ausge- 
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fiillt.  Die  sonst  so  sparliche  Grundsubstanz  wird  ganz  massig,  wie 
eine  Gallerte,  entwickelt. 

Auf  Grund  der  Erfahrung,  dass  einfache  Nahrungsentziehung 
geniigt  fiir  Hunger-Symptome,  zUchtete  ich  eine  Reihe  von  Sycon- 
Exempiaren  langere  2feit  unter  solehen  Bedingungen  und  beobach- 
tete  die  Verandeningen  durch  mehrere  Monate.  An  mehreren  Ex- 
empiaren trat,  was  ich  auch  sonst  schon  im  Aquarium  beobachtet 
hatte,  zunachst  ein  Abfallen  des  Osculums  ein,  dann  ein  Abstossen 
von  proximalen  oder  distalen  StUckchen  des  Weichkorpers,  und  dann 
bildete  sich  an  den  so  reducierten  Exempiaren  wieder  ein  neues 
Oseulum  von  besonderer  Lange.  Dieser  Prozess  konnte  auch  mehr- 
mals  vor  sich  gehen.  Besonders  auffallig  waren  die  Vorgange  an  zwei 
sehr  grossen  Exempiaren.  Das  eine  derselben,  A,  war  auffallend 
lang,  nah  dem  Grunde  schleifenformig  gebogen  und  dann  wieder 
nach  aufwarts  gerichtet.  Dies  Exemplar  zerfiel  nach  10  Tagen  an 
der  Biegungsstelle,  indem  sich  das  Gewebe  in  einzelne  gemmuloide 
Korper  aufloste.  Auch  das  basale  Reststuck  degenerierte  bald.  Der 
verbliebende  Teil  a  bildete  nun  an  seinem  oflFenen  Bruchende  ein 
zweites  Osculunr  zu  dem  erneuerten  ersten  und  zwischen  beiden 
entstand  etwa  in  der  Mitte  der  Rohre  ein  Wurzebchopf.  Dieser 
Zustand  dauerte  einige  Zeit  an.  In  beiden  Teilen  der  Rohre  konnte 
man  das  Funktionieren  durch  den  Wasserstrom  feststellen.  Dann 
ging  aber  nach  und  nach  der  Teil  mit  dem  neu  gebildeten  Oseulum 
ein  und  es  verblieb  nur  noch  der  Rest,  a,  vom  urspriinglichen 
Oseulum  an  bis  zum  neuen  Wurzelschopf.  So  hat  sich  also  der  ur- 
spriingliche  grosse  Sycon  A  in  einen  kleineren  a,  und  in  einen  noch 
Ideineren  a  unter  stetiger  Selbstreduktion  verwandelt.  Letzterer 
hielt  sich,  wieder  in  das  grossere  Aquarium  ubergef iihrt,  noch  langere 
Zeit  ohne  weitere  Veranderung. 

Ein  anderes  grosseres  Exemplar  B  Uess  zunachst  unter  den 
neuen  Bedingungen  sein  Oscularteil  abfallen  und  bildete  am  Wurzel- 
teil  eine  starke  Knickung  aus.  An  dieser  Knickungsstelle  entstand 
dann,  nachdem  vorher  an  beiden  Enden  Teile  des  Weichkorpers 
abgefallen  waren,  ein  neues  Oseulum  und  ebenso  ein  solches  an 
Stelle  des  alten.  Es  waren  somit  aus  der  einzigen  Rohre  zwei  Per- 
sonen  geworden,  die  aber  noch  zusammenhingen.  Es  kam  dann 
noch  ein  neuer  Wurzelschopf  fiir  das  eine  hinzu  und  die  beiden  ur- 
spriinglich  im  Verlauf  einer  einheitlichen  Rohre  sitzenden  Personen 
verschoben  sich  nach  und  nach  derartig,  dass  zwei  in  einem  schiefen 
Winkel  stehende,  ganz  getrennt  verlaufende  Syconrohren  jede  mit 
Oseulum  und  Wurzelschopf  sich  x-formig  la^uzend,  vorhanden 
waren.  Die  kleine  Verbindungsstelle  an  der  Ueberkreuzung  wurde 
nun  auch  durchbrochen  und  so  waren  schliesslich  zwei  kleine  Sycone 
vorhanden,  zusanunen  noch  nicht  halb  so  gross  wie  der  friihere  ein- 
heitliche.  Der  eine  derselben  ging  nach  einiger  Zeit  zu  Grunde,  der 
andere  hat  sich  im  ganzen  sieben  Monate  gehalten. 
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Bei  andern  Schwammen  waren  solche  Oscularbildungen  und 
Abzweigungen  weniger  auffallig.  Sycon  gehort  aber  zu  denjenigen 
Spongien,  wo  die  Individualitat  im  ganzen  Bau  sehr  ausgepragt  ist, 
und  deswegen  ist  diese  Reduktion  zu  mehreren  kleinen  Personen 
bemerkenswert,  auch  als  Analogic  zu  andem  Hungererscheinungen. 
Ueber  einige  histologische  Besonderheiten  sowie  liber  die  in  den 
Hungerexempiaren  gefundenen  (Jenitalzellen  werde  ieh  noch  in 
anderem  Zusammenhang  berichten.  Von  der  Kalkentziehung  ist  die 
Wirkung  hier  insofern  ganz  verschieden,  als  nicht  eine  Gemmulation 
oder  ein  Zerfall  des  Ganzen  stattfindet  sondern  eine  Reduktion,  und 
der  Rest  intakt  bleibt  und  normal  funktioniert,  sowohl  bei  Sycon  wie 
bei  der  benutzten  Ascandra. 

Diese  Versehiedenheit  zeigt  sich  auch  deutlich,  wenn  Hunger  und 
Kalkentziehung  in  besonderen  Kulturen  getrennt  von  einander 
angestellt  werden,  wie  ich  es  mit  dem  lange  Zeit  reiehenden  Ascandra- 
Material  ausfUhren  konnte.  Im  Hunger  bleiben  bei  allmahlicher 
UeberfUhrung  die  Rohren  zunachst  durchaus  intakt;  nur  die  Oscula 
wurden  gesehlossen.  Nach  zwei  Tagen  war  ein  Teil  des  Rohren- 
Systems  im  Eingehen ;  es  zeigte  sich  eine  scharfe  Grenze  zwischen  dem 
lebenden  und  dem  abgestorbenen  Teil.  Die  Nadeln  waren  aber  uberall 
durchaus  intakt  mit  scharfen  Umrissen  ohne  innere  Komelung.  Bei 
den  in  karbonatfreiem  Seewasser  gehaltenen  Exemplaren  dagegen 
funktionierten  Osculum  und  Geisselzellen  am  ersten  Tag  noch  normal, 
am  zweiten  Tag  waren  die  Oscula  gesehlossen,  die  Rohre  schlaff  und 
die  Nadeln  zeigten  sich,  wenn  auch  noch  alle  vorhanden,  so  doch 
bereits  angenagt  und  im  Inneren  gekornelt.  (Ich  bemerke  ausdriick' 
lich,  dass  dies  schon  im  Leben  vor  Einwirkung  von  Reagentien  ge- 
sehen  wurde.)  Nachmittags  war  die  Abschmelzung  weiter  gediehen 
und  am  nachsten  Tag  waren  fast  keine  Nadeln  mehr  vorhanden, 
wahrend  der  Weichkorper  in  seiner  ganzen  Ausdehnung  noch  er- 
halten  war  und  nur  die  friiher  (1906)  beschriebenen  Erscheinungen 
der  Ausfiillung  des  Hohlraumes  zeigte.  Trotzdem  also  Hunger  in 
beiden  Kulturen  wirksam  ist,  ist  das  Resultat  doch  sehr  verschieden. 

Wenn  man  die  Schwammchen  aus  dem  karbonatfreien  Seewasser 
nachtraglich  in  normales  iiberfuhrte,  so  hielt  sich  der  Weichkorper 
noch  langerer  Zeit,  bildete  aber  keine  neuen  Nadeln  mehr.  Brachte 
man  die  oben  erwahnten  aus  der  Hungerkultur  nachtraglich  in  kar- 
bonatfreies  Seewasser,  so  wurden  im  funktionierenden  Teil  die 
Nadeln  eingeschmolzen,  im  abgestorbenen  blieben  sie  erhalten.  Es 
zeigt  sich  also  auch  hier,  wie  schon  friiher  erortert,  dass  das  Ab- 
schmelzen  der  Nadeln  kein  anorganischer  Prozess  ist,  der  auf  Rech- 
nung  des  umgebenden  Wassers  zu  setzen  ware,  sondern,  dass  es 
durch  den  Schwammorganismus  selbst  stattfindet.  Auch  solche 
Schwammchen  habe  ich  dann  noch  nachtraglich  in  normales  See- 
wasser UbergefUhrt,  aber  eine  Wiederbildung  der  Nadeln  nicht  mehr 
erzielen  konnen.     Die  ganze  Experimentreihe  habe  ich  in  gleicher 
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Weise  mehrfach  wiederholt  und  stets  dasselbe  Resultat  erhalten.  In 
karbonatfreiem  Seewasser  Abschmelzen  der  Nadeln  und  wenigdena 
zundchst  unversehrten  Weickkdrper;  in  der  HungerkvUur  iniakte 
Nadeln  und  eingehenden  Weickkdrper.  Wenn  nach  und  nach  auch 
bei  toten  Schwammchen  die  Nadeln  verschwinden,  so  ist  dies  wohl 
auf  Rechnung  der  dabei  vor  sich  gehenden  Faulnisprozesse  zu  setzen. 

Dieses  eigentumliche  Ergebnis,  die  Abschmelzung  bereits  ge- 
bildeter  Skelettsubstanz,  ist  auch  bei  anderen  kalkbildenden  Organ- 
ismen  wahrzunehmen,  namentlich,  wenn  es  sich  um  jugendliche  und 
noch  wachsende  Exempiare  handelt,  die  der  kalkentziehung  unter- 
worfen  werden.  So  habe  ich  es  bei  jungen  Muscheln  beobachtet, 
deren  Schale  zuerst  briichig  und  dann  ganz  membranos  wurde,  und 
ebenso  bei  einem  kieinen  Rohrenwurm  (Spirorbis),  der  seine  Hiille 
fast  einbiisste,  im  Ubrigen  aber  keine  Zeichen  von  Degeneration  auf- 
wies.  Vor  allem  aber  ist  es  bei  Foraminiferen  festzustellen,  wo 
auch  die  Hungerwirkung  ganzlich  ausgeschaltet  werden  kann.  Ex- 
empiare, die  in  karbonatfreiem  Wasser  gehalten  wurden,  waren  noch 
in  vollem  Fressen  und  Verdauen  der  bereits  friiher  aufgenommenen 
Nahrungskorper  begriflFen,  und  doch  wurde- auch  an  ihnen  die  Schale 
nach  und  nach  briichig  und  schliesslich  auf  ein  Minimum  von  Kalk- 
substanz  reduciert,  ohne  dass  der  Weichkorper  zunachst  Not  gelitten 
hatte.  Das  Einzige,  was  beobachtet  wurde,  war,  dass  sich  je  zwei 
Exempiare  mit  Uberraschender  Regelmassigkeit  aneinander  legten. 
Diese  Plasmogamie  trat  so  sicher  ein,  dass  man  in  der  Karbonatent- 
ziehung  bei  diesen  Formen  (Biloculina,  Quinqueloculina)  geradezu 
ein  Mittel  hat,  um  eine  Vereinigung  anzubahnen.  Der  Vorgang  der 
Kalkeinschmelzung  ist  hier  von  besonderem  Interesse,  weil  es  sich 
ja  um  Protozoen  handelt,  also  innerhalb  ein  und  desselben  Zellkorpers 
sowohl  der  Aufbau  wie  der  Abbau  der  Kalksubstanz  mit  den  notigen 
Stoffumsetzungen  vor  sich  gehen  muss.  Es  sind  ubrigens  auch  im 
Spongienkorper  histologisch  die  gleichen  Elemente,  die  die  Aus- 
scheidung  und  die  Einschmelzung  der  Nadeln  besorgen,  ebenso  wie 
im  Wirbeltierkorper  Osteoblasten  und  Osteoklasten. 

Es  fiihrt  uns  das  auf  die  Frage  der  Kalkausscheidung  und  Spicula- 
Bildung  iiberhaupt  und  zwar  auf  deren  physiologische  Seite.  Ich 
bemerke  auch  neueren  Auslassungen  von  Woodland  (1907)  gegen- 
uber,  die  mir  zu  summarisch  Kalk-,  Kiesel-  und  organische  Bildungen 
zusammenzuwerfen  scheinen  und  die  (absichtlich  oder  unabsicht- 
lich)  friihere  Tatsachen  und  Theorien  ausser  Acht  lassen,  dass  man 
bei  der  Frage  der  Spicula-Bildung  eine  morphologische  und  eine 
physiologische  Fragestellung  auseinanderhalten  muss.  Bei  der  mor- 
phologischen  ist  (1)  die  Form  des  einzelnen  Spicvlums  zu  erklaren  und 
(2)  die  Anordnung  der  Spicula  zu  ganzen  Skeletten.  Fiir  letzteres, 
fur  die  "  zweckmassige  "  Aneinanderreihung  der  einzelnen  Schwamm- 
nadeln  zu  besonderen  Gittersystemen  haben  wir  gerade  bei  Schwam- 
men  ein  Beispiel,  wo  wir  uns  nicht  mit  dem  Schlagwort  "  Vererbung  " 
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zu  behelfen  brauchen,  sondern  wo  diese  Anordnung  infolge  kontrol- 
lierbarer  ausserer  Umstande  (durch  das  Auswachsen  der  Rohre, 
Bildung  von  Oscula,  die  Richtung  des  Wasserstromes)  in  der  Ent- 
wicklung  nach  und  nach  zu  Stande  kommt  Wir  sehen  die  "fune- 
tionelle  Anpassung  "  durch  die  Thatigkeit  direkt  bedingt.  Es  ist  dies 
fiir  Asconen  und  andern  von  Minchin  (1900),  fur  Syconen  von  mir 
(1900),  nachgewiesen.  Fiir  die  Form  des  einzelnen  Spiculums  haben 
wir  aber  trotz  vieler  interessanter  Versuche  noch  keine  Erklarung,  die 
die  Funktion  damit  in  ursachliehe  Beziehung  setzt.  Wir  sehen  viel- 
mehr  die  charakteristischen  Formen  vor  dem  Gebraueh,  sogar  schon 
in  den  frei  schwarmenden  Larven  auftreten  und  wir  sehen  solche 
Formen  wie  ich  gegeniiber  Woodland  bemerken  mochte,  auch  auf- 
treten unabhangig  vom  Material,  indem  auch  bei  Kalkentziehung 
organische  "Schatten  "  von  Ein-  und  Dreistrahlern  gebildet  werden. 

Die  viel  erorterte  morphologische  Frage  soil  heute  nicht  weiter 
behandelt  werden,  sondem  nur  einiges  zur  physiologischen  bemerkt 
werden.  Die  Versuche  geben  bis  jetzt  keinen  Hinweis"  daflir,  in 
welcher  chemischen  Verbindung  die  Karbonatabscheidung  zuerst 
stattfindet,  ob  es  sich  auch  hier  wie  bei  den  Versuchen  von  Bieder- 
mann  (1902)  um  komplicierte  Verbindungen  von  Eiweiss,  kohlen- 
saurem  Kalk  und  andern  Kalksalzen  handelt.  Der  schwefelsaure 
Kalk  scheint  keine  RoUe  dabei  zu  spielen;  denn  fiir  die  Skelettab- 
scheidung  haben  die  Exemplare,  denen  nur  das  Karbonat,  nicht  auch 
noch  der  Gips  entzogen  war,  nichts  voraus.  Die  RoUe  des  Magne- 
siums ist  noch  zu  priifen.  Phosphorsaurer  Kalk  scheint  fiir  die 
Schwamme  nicht  in  Betracht  zu  kommen. 

Nach  Analogic  mit  hoheren  Tieren  ware  der  physiologisch- 
chemische  Vorgang  etwa  folgendermassen  zu  denken:  Innere  Pro- 
zesse,  die  zu  Kalkhunger  fuhren,  mlissen  in  den  entsprechenden 
Zellen  vor  sich  gehen.  Dieser  Kalk  wird  dann  von  aussen  aufge- 
nommen.  Wenn  die  Prozesse  weiter  gehen,  so  wird  Karbonat  als 
solches  bei  der  Uebersattigung  abgeschieden,  wahrscheinlich  auch 
hier  aus  einer  kompUzierteren  Verbindung  mit  Eiweissen.  Der 
Prozess  beginnt  dann  von  neuem,  wie  sich  auch  darin  zeigt,  dass 
die  kalkabscheidenden  Zellen  nach  ihrer  Tatigkeit  nicht  eingehen, 
sondern  die  Nadel  verlassen  und  ins  Gewebe  zuriickwandem.  Ist 
nun  in  der  Umgebung  kein  Kalk  vorhanden,  so  entsteht  ein  Kon- 
zentrationsgefalle  von  den  Nadeln  resp.  (Jehausen  nach  aussen,  und 
es  wird  bei  Anwesenheit  von  Kohlensaure  vom  normalen  Atmungs- 
prozess  hier  von  diesem  vorhandenen  Kalk  gezehrt,  naturlich  nicht 
in  einem  rein  physikalisch-chemischen  Prozess,  sondem  durch  das 
Bindeglied  der  erwahnten  Zellen,  in  denen  derartige  Fahigkeiten 
festgelegt  sind. 

Vom  Gesamtstoffwechsel  des  Korpers,  von  der  Nahrungsauf- 
nahme  sind  diese  Prozesse  des  Kalkumsatzes  hier  bei  Schwanmien 
getrennt.    Es  zeigt  sich  dies  darin,  dass  die  Kalkabscheidung  lange 
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vor  Ausbildung  eines  Gastralraumes,  gleich  beim  Festsetzen,  und 
sogar  schon  in  der  freischwimmenden  Larve,  geschehen  kann,  ebenso 
darin,  dass  Hunger  allein  nicht  dieselbe  Wirkung  hat  wie  die  Kalk- 
entziehung,  sondern  das  Skelett  intakt  lasst.  Die  gastralen  Zellen 
werden  von  der  Hungerwirkung  eher  betroflFen,  wie  die  Skelettbiidner, 
wahrend  letztere  eher  auf  Veranderungen  im  Salzgehalt  antworten. 

Da  gegenwartig  manche  Ergebnisse  der  experimentellen  Biologie 
in  neovitalistischem  Sinne  ausgedeutet  werden,  indem  man  vielfach 
einen  iAergeordneten  Einfluss  des  Ganzen  gegeniiber  der  arbeitenden 
Tatigkeit  der  einzelnen  Zellen  erkennen  will,  scheint  es  mir  von  Wert, 
darauf  hinzuweisen,  dass  hier  in  der  Kalkabschmelzung  ein  direkt  um- 
gekehrter  Fall  vorliegt.  Die  Tatigkeit  der  einzelnen  Zellen  Uber- 
wiegt  derart,  dass  ohne  Rueksicht  auf  das  Ganze,  auf  die  richtige 
Anordnung  und  Funktion  gearbeitet  wird,  ja  es  wird  sogar  das  schon 
bestehende  und  funktionierende  Ganze  verkUrzt  und  gesehildigt  durch 
diese  Spicula-Zellen,  die  sieh  an  nichts  anderes  kehren,  ab  an  die  in 
ihnen  selbst  steckenden  Tendenzen. 
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THE  ORGANIZATION  AND  EARLY  DEVELOPMENT  OF 
THE  EGGS  OF  HYDROMEDUSAE 

C.  W.  HARGITT 

It  is  the  purpose  of  this  communication  to  call  attention  to  certain 
of  my  more  recent  observations  and  conclusions  on  the  subject  of  em- 
bryogeny  as  related  to  coelenterates,  chiefly  Hydromedusae. 

Concerning  the  older  problem  of  the  origin  of  the  germ-cells  no 
attempt  will  be  made  to  review  a  history  at  once  interesting  and  sug- 
gestive, though  less  important  in  results  than  was  anticipated.  The 
daring  prediction  that  the  ectoderm  was  fundamentally  the  male  germ 
layer  and  the  entoderm  similarly  that  of  the  female  was  doomed  to 
the  usual  fate  of  hasty  generaUzation.  A  similar  fate  likewise  awaited 
the  kindred  attempt  to  find  a  diflFerential  distinction  between  Hydro- 
and  Scyphomedusae  in  an  assumption  that  in  the  former  the  sex-cells 
originated  in  the  ectoderm,  while  in  the  latter  they  had  their  origin  in 
the  entoderm. 

It  is  passing  strange  that  in  the  face  of  the  large  and  increasingly 
convincing  body  of  facts  to  the  contrary  there  should  be  recent  reitera- 
tion of  certain  of  these  earlier  views,  such  as  one  finds,  for  example,  in 
Weismann's  "Evolution  Theory."  I  believe  it  is  not  an  exaggeration 
to  say  that  recent  investigations  have  wholly  discredited  the  earlier 
belief  in  the  theoretic  significance  of  the  supposed  physiological  inde- 
pendence of  the  so-call«l  primary  germ-layers,  and  the  doctrines  of 
homology  and  phylogeny  based  upon  the  germ-layer  theory. 

The  work  of  the  present  writer  in  connection  with  the  embryology 
of  Hydromedusae  began  more  than  a  dozen  years  ago,  but  with  earlier 
results  so  out  of  harmony  with  then  current  views  as  to  cleavage,  for- 
mation of  germ-layers,  etc.,  that  it  was  only  after  much  delay  and 
repetition  that  he  could  bring  himself  to  the  point  of  giving  to  them 
publicity.  And  even  yet  they  are  no  doubt  badly  tinctured  with 
heresy,  if  one  may  interpret  the  ominous  silence  and  evasion  exhibited 
by  biological  orthodoxy  as  having  its  usual  significance  in  such* 
matters  I 

There  will  be  possible  at  this  time  only  the  briefest  summary  of 
results,  and  these  will  be  included  under  the  following  heads:  (1) 
The  origin,  (2)  the  organization,  (3)  early  development. 

Concerning  the  first  there  need  be  no  question  as  to  the  layer 
wherein  the  germ-celb  originate.    This  b  wholly  a  question  of  fact, 
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and  concerning  this  it  b  only  necessary  to  appeal  to  the  literature, 
which  is  large  and  adequate.  In  some  cases,  such  as  Hydra,  both 
germ-cells  undoubtedly  originate  in  the  ectoderm  and  there  only. 
In  Scyphomedusae  they  probably  arise  wholly  in  the  entoderm.  But 
between  these  extremes  there  are  undoubtedly  all  degrees  of  variation, 
in  some  Hydrozoa  egg-celb  arising  in  the  entoderm,  in  others  in  the 
ectoderm. 

Concerning  another  phase  of  the  problem  there  are  less  grounds  for 
dogmatism,  —  namely,  whether  there  is  direct  continuity  of  germ-cells 
from  generation  to  generation,  and,  further,  to  what  extent  the  egg- 
cells  multiply  by  direct  proliferation  in  the  gonophore  or  germ-layer 
of  the  polyp.  Owing  to  the  prevalence  of  alternation  of  generations 
the  problem  is  rendered  more  complex  and  difficult.  For  example,  in 
many  Hydrozoa  gonads  are  entirely  lacking  during  the  entire  asexual 
generation.  On  the  other  hand,  this  condition  may  serve  to  aid  in 
determining  the  exact  place  and  time  where  and  when  the  germ-cells 
arise  and  become  diflFerentiated.  For  example,  the  dominance  of  the 
asexual  over  the  sexual  mode  of  reproduction  in  many  Hydromedusae 
during  many  generations  enables  one  to  determine  with  a  high  degree 
of  certainty  the  absence  of  definitive  germ-cells  in  such  generations, 
.^ain,  the  essentially  similar  mode  of  origin  and  development  of  the 
medusa,  and  the  generally  definite  place  and  mode  of  diflFerentiation  of 
germ-cells  in  this  free  gonophore  enable  one  to  demonstrate  with  ap- 
proximate certainty  their  somatic  origin,  in  some  cases  in  the  ectoderm 
of  the  medusa  bud,  in  others  in  the  entoderm  of  the  polyp  body.  I 
have  personally  studied  with  care  the  planulae  of  several  species  of  both 
Hydro-  and  Scyphomedusae,  and  have  never  been  able  to  discover 
the  slightest  evidence  of  the  presence  of  germ-cells  during  this  larval 
period.  I  am  constrained  to  say  that  so  far  as  coelenterates  are  con- 
cerned there  is  little  evidence  of  direct  germinal  continuity.  Concern- 
ing the  other  point,  which  has  only  passing  interest,  it  may  be  said  that 
in  some  genera  and  species  the  egg-cells  have  a  wholly  independent 
and  individual  history  from  the  moment  of  their  diflFerentiation  till 
they  give  rise  to  a  new  polyp.  In  others,  especially  medusae,  the 
oogonia  proliferate  freely,  giving  rise  to  immense  numbers  of  oocytes, 
as  in  many  higher  classes. 

Organization.  —  A  new  impulse  and  interest  have  arisen  concern- 
ing the  old  question  as  to  the  real  nature  of  the  egg,  growing  out  of  the 
facts  recently  brought  to  light  as  to  the  existence  in  the  egg  of  so-called 
"organ-forming  stuflFs,"  and  the  more  or  less  logical  inference  of  their 
prelocalization.  In  several  species  of  Hydromedusae  I  have  attempted 
to  investigate  this  problem  and  have  therefore  studied  both  the  growth 
and  development  of  the  egg  with  this  point  definitely  in  view.  My 
attention  was  first  focussed  on  this  in  connection  with  the  anoma- 
lous and  extremely  erratic  cleavage  of  the  eggs  of  Pennaria,  which 
seemed  difficult,  if  not  impossible,  to  reconcile  with  any  conceivable 
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prelocalization  hypothesis.  Since  then  several  other  hydroid  eggs 
have  been  similarly  studied,  chiefly  those  of  Clava,  Eudendrium, 
Hydractinia,  and  those  of  a  local  actinian,  Sagartia  leucolena.  In  only 
one  of  these,  namely,  Qava,  was  there  the  slightest  physical  evidence  in 
the  color  of  the  egg-substance  of  anything  comparable  with  the  very 
definite  and  striking  features  pointed  out  by  Conklin  and  other  inves- 
tigators, and  this  was  found  to  be  absolutely  devoid  of  significance  in 
relation  to  the  problem.  Details  pertaining  to  this  case  may  be  found 
in  my  recent  paper  on  the  Organization  and  Development  of  the  Egg 
of  Clava  {Biol.  Bull,,  10,  p.  214). 

During  the  present  summer  I  have  studied  the  eggs  of  Hydrac- 
tinia,  which  are  liberated  before  development,  while  those  of  Clava 
develop  within  closed  gonophores,  but  have  not  been  able  to  detect  any- 
thing which  even  remotely  suggests  the  presence  of  definite  organ- 
forming  stuflFs,  or  prelocalization. 

The  same  must  also  be  said  concerning  the  e^  of  Sagartia,  though 
in  this  case  the  development  has  not  been  sufficiently  extensive  to 
warrant  any  announcement  of  definite  conclusions.  It  should  be  said 
that  the  eggs  in  all  these  cases  have  been  studied  both  in  life  and  after 
fixation,  tiie  latter  by  a  range  of  reagents  and  methods  which  leaves 
little  doubt  as  to  their  entire  reliability  as  concerns  micro-technique. 

Maturation.  —  The  phenomena  of  maturation  in  the  eggs  of  Hy- 
dromedusae  are  apparently  more  or  less  ephemeral  and  obscure.  Some 
of  the  more  superficial  features,  such  as  polar  bodies,  have  been  de- 
scribed by  various  authors.  For  example,  Harm  in  his  account  of 
the  development  of  Clava  squamata  has  given  several  details  on  this 
point.  I  have  since  studied  these  features  in  C  teptostyla,  but  have 
not  been  able  to  confirm  the  account  given  by  Harm,  except  in  a  few 
minor  points.  In  eggs  of  this  type,  confined  within  closely  infolding 
gonophore  walls,  the  surface  aspects  of  maturation  must  be  more  or 
less  obscured  and  difficult  of  certain  demonstration. 

But  there  is  another  class  of  facts  of  more  importance  and  signifi- 
cance than  these.  This  is  to  be  found  in  the  peculiar  behavior  of  the 
nucleus  about  the  time  when  presumably  maturation  takes  place. 
I  have  referred  in  several  of  my  recent  papers  to  the  apparent  dis- 
organization or  fragmentation  of  the  nucleus  and  the  dispersal  of  the 
nuclear  matter  throughout  the  cytoplasm.  This  is  most  conspicu- 
ously the  case  with  the  nucleolus,  where  this  body  as  a  whole  migrates 
out  of  the  nucleus,  becomes  vacuolated,  and  gradually  breaks  down 
and  its  substance  is  undoubtedly  resorbed  by  the  cytoplasm.  This 
feature  I  have  been  able  to  demonstrate  in  so  many  cases  as  to  make 
it  seem  highly  probable  as  a  common  phenomenon  of  maturation. 

Associated  with  this  and  apparently  sharing  in  the  general  phenom- 
ena of  maturation  in  these  eggs  b  also  a  similar  disorganization  of  the 
chromatin  in  a  very  significant  fashion  and  its  apparent  dissipation 
through  the  cytoplasm.    For  a  long  time  these  features  greatly  per- 
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plexed  and  disturbed  me,  and  forced  an  inquiry  as  to  whether  they 
might  not  be  pathological.  But  the  fact  that  these  eggs  continually 
gave  rise  to  normal  embryos  sufficed  to  dispel  any  such  apprehension. 
Furthermore,  the  constancy  with  which  they  recurred  in  other  cases 
has  deepened  the  impression  that  they  are  perfectly  normal  features 
of  this  stage  of  development. 

As  one  studies  the  literature  of  hydrozoan  embryology,  from  the 
classic  work  of  Kleinenberg  on  Hydra,  and  that  of  MetschnikoflF  on 
Medusae,  on  to  the  present  time,  the  conviction  grows  that  many  of 
the  details  familiar  in  the  development  of  higher  forms  are  so  ominously 
conspicuous  in  their  absence  as  to  call  for  some  sort  of  explanation. 
That  it  has  not  hitherto  been  forthcoming  is  probably  due,  in  part,  to 
the  more  or  less  unique  character  of  the  facts  concerned,  and  the  diffi- 
culty of  readily  correlating  them  with  existing  views.  For  whether  con- 
sciously so  or  not  it  is  probably  true  that  biologists  share  with  the 
average  student  in  conforming  to  prevalent  orthodox  doctrine.  Hence 
the  facts  of  nuclear  fragmentation  have  been  overlooked  or  studiously 
disregarded.  There  is  no  time  for  further  details  in  this  connection, 
but  I  believe  we  are  here  face  to  face  with  normal  facts  and  not  arti- 
factSy  that  they  occur  and  are  part  of  normal  development  and  in  no 
sense  pathologic,  and  furthermore  that  they  must  be  reckoned  with  in 
any  attempt  to  formulate  laws  of  cleavage  or  organogeny. 

Cleavage.  —  Concerning  this  feature  of  development  there  is  little 
to  add  to  my  earlier  results.  Details  are  easily  accessible  as  to  Pen- 
naria,  Eudendrium,  Clava,  and  others.  Similar  studies  are  under  way 
upon  Hydractinia  and  by  certain  of  my  students  upon  Hybocodon, 
Corymorpha,  Tubularia,  and  others.  In  no  single  one  of  these  has  it 
been  possible  to  correlate  the  phenomena  with  any  hitherto  delineated 
laws  of  cleavage,  or  so-called  laws  of  germ-layer  differentiation. 

That  this  may  be  the  more  clearly  apprehended  a  few  figures  are 
submitted  herewith,  illustrating  certain  superficial  aspects  in  the 
cleavage  of  Pennaria,  and  also  camera  drawings  of  actual  sections  of 
these  eggs  showing  that  the  surface  features  are  correlated  with  the 
corresponding  internal  conditions. 

Figures  1-6  are  camera  sketches  of  living  egg  at  intervals  of  ten 
minutes;  and  Figures  7-13  are  similar  sketches  of  another  egg  made 
in  the  same  manner.  Figures  14  and  15  are  sketches  of  an  extremely 
erratic  form  of  cleavage,  which  is  not  unusual,  though  less  common 
than  the  others. 

It  will  require  no  particular  emphasis  to  suggest  that  a  cleavage  of 
this  sort,  and  there  are  other  cases  among  Hydromedusae  quite  as 
striking,  is  apparently  utterly  incompatible  with  any  of  the  current 
views  on  germinal  prelocalization,  etc.  If  these  are  normal  phenom- 
ena, and  their  continuous  study  during  many  years  under  the  most 
widely  varied  conditions  and  precautions  and  their  observation  by 
numerous  of  my  colleagues  to  whom  they  have  been  shown  leaves  this 
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utterly  beyond  question,  then  they  can  no  longer  be  ignored  nor  their 
theoretic  significance  disregarded.  As  stated  in  a  previous  section,  they 
are  facts  and  not  artifacts;  they  are  integral  and  normal  features  of 
development  and  by  no  means  pathologic;  they  are  types  of  develop- 
ment not  rare  among  this  group  of  animals,  similar  features  having 
been  observed  in  several  species  and  genera,  and  by  others  than  my- 
self, among  whom  are  Hickson,  Hill,  MetchnikoflF,  and  Koch. 
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ASPECTS  OF  REGENERATION   IN   CORYMORPHA 
HARRY  BEAL  TORREY 

The  essential  structural  characters  of  Corymorpha  for  the  present 
experiments  consist  in:  the  stout  stem  with  a  central  axis  of  enor- 
mous vacuolated  cells  poor  in  protoplasm  and  a  number  of  narrow 
longitudinal  canals  just  below  the  ectoderm;  a  large  hydranth  with 
two  sets  of  tentacles  above ;  and  a  zone  of  rootlike  processes  or  frustules 
near  the  tapering  proximal  end. 

In  regeneration,  as  in  its  embryonic  development  (Torrey,  Un. 
Col.  PM.,  ZooL,  III.  12,  pp.  253-298),  Corymorpha  is  extremely 
plastic.  The  amount  of  plasticity  exhibited  depends  upon  the  diflFer- 
entiation  of  the  regenerating  piece,  particularly  upon  its  degree  of 
organization  into  a  whole,  or  the  degree  to  which  the  original  interrela- 
tions of  its  parts  have  been  disturbed  by  experimental  conditions. 

I.  Effect  of  old  parts  upon  regeneration.  The  presence  of  the 
original  hydranth  on  a  piece  of  stem  not  only  inhibits  the  development 
of  a  proximal  hydranth  (otherwise  readily  obtained)  but  also  the  de- 
velopment of  frustules,  which  are  normal  proximal  structures.  The 
piece  behaves  like  a  fart.  In  the  same  region,  a  piece  without  the 
hydranth  may  produce  either  proximal  hydranth  or  frustules.  The 
smaller  the  piece,  the  more  rapidly  frustules  appear;  the  more  does  it 
behave  like  a  whole. 

The  presence  of  the  holdfast  favors,  if  anything,  distal  regenera- 
tion. 

11.  Effect  of  the  position  of  the  wound,  on  the  development 
of  pre-existing  frustules.  When  a  stem  is  cut  through  the  frustular 
zone,  there  follows  (1)  an  acceleration  in  the  growth  of  the  frustules 
of  the  distal  piece  next  the  wound  (c/.  behavior  of  plant  buds  under 
similar  circiunstances) ;  (2)  a  retrogressive  metamorphosis  of  the 
frustules  near  the  wound  on  the  proximal  piece,  and  the  transforma- 
tion of  this  region  into  a  hydranth. 

The  results  are  referable  to  internal  readjustments  due  to  the 
removal  of  tissue  rather  than  any  change  in  the  chemical  environ- 
ment. 

III.  Retrograde  metamorphosis.  In  the  regeneration  of  very 
small  pieces,  the  axial  endoderm  may  disappear,  and  the  peripheral 
canals,  passing  backward  over  the  general  course  of  their  develop- 
ment, unite  to  form  a  single  cavity  corresponding  with  the  ccelenteron 
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of  the  larva.  The  dimensions  and  proportions  of  normal  young  may 
be  assumed,  even  the  proportions  and  structure  of  embryos  of  twice 
the  normal  diameter,  in  the  smallest  pieces.  Such  simplified  forms 
may  regenerate  as  normal  individuals. 

IV.  Regeneration  at  oblique  wounds.  Hydranths  arise  by 
transformation  of  the  stem,  either  with  tentacles  parallel  with  the 
wound  or,  when  the  latter  has  reached  a  certain  degree  of  obliquity, 
with  tentacles  perpendicular  to  the  wound.  In  the  latter  case,  the 
terminal  wedge  becomes  the  proboscis. 

When  very  short  pieces  of  stems  of  large  diameter  are  produced 
either  by  transverse  or  oblique  section,  so  that  a  large  surface  of 
axial  tissue  is  exposed  relatively  to  the  amount  of  active  peripheral 
tissue,  several  centers  of  regeneration  may  be  mechanically  created, 
and  monsters  with  several  hydranths,  probosces,  and  holdfasts  arise. 
The  change  in  the  position  of  the  regenerating  tentacles  with  the 
obliquity  of  the  wound  is  referable  to  the  increase  of  axial  tissue  rela- 
tive to  tfie  amount  of  peripheral  tissue  in  the  region  of  regeneration. 

V.  Heteromorphosis  and  fission.  Heteromorphic  pieces  may 
divide  spontaneously,  frustules  appearing  before  division  on  either 
side  of  the  constriction  defining  the  fission  plane.  The  latter  is  pro- 
portionally nearer  the  smaller  (proximal)  hydranth.  It  separates  two 
complete  individuals  or  sets  of  interacting  parts. 

Experiments  show  that  when  the  tentacles  of  the  heteromorphic 
hydranths  are  still  little  more  than  knobs,  section  near  the  middle  of 
the  stem  may  produce  two  complete  polyps.  The  reversal  of  the 
original  polarity  in  the  proximal  end  of  the  heteromorphic  piece  has 
obtained  a  certain  permanency  by  this  time  as  well  as  a  considerable 
extent,  and  is  not  disturbed  by  the  section.  The  removal  of  either 
hydranth  by  a  cut  close  to  it  leads  to  the  appearance  of  another.  The 
remaining  hydranth  in  such  an  operation  may  be  old  enough  to  bear 
the  buds  of  medusiferous  peduncles,  but  its  presence  neither  inhibits 
regeneration  at  the  wound  nor  does  it  determine  the  character  of 
the  regenerating  structure.  These  results  may  be  interpreted  as  due 
to  internal  adjustments  that  are  largely  independent  of  external 
conditions. 
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HYBRID   ECHINODERM   LARVAE 
D.  H.  TENNENT 

In  experiments  which  I  have  carried  on  during  this  summer 
(1907)  I  have  made  crosses  between  several  echinoids;  namely,  in 
the  fertilization  of 

1.  The  egg  of  the  spatangoid  Moira  atropos  with  the  sperm  of 
the  sand  dollar  Mellita  testvdinata. 

2.  Moira  9   X  sperm  of  sea  urchin  Toxopneustes. 

3.  Moira  9   X  sperm  of  sea  urchin  Arbacia  pundulata. 

4.  Toxopneustes  9  X  Moira  ^ . 

5.  Toxopneustes  9   X  Mellita  <J. 

6.  Arbacia  9   X  Moira  g, 

7.  Arbacia  9  X  Mellita  <J. 

8.  Mellita  9  X  Moira  ^. 
Eight  crosses  in  all. 

The  method  employed  was  the  exceedingly  simple  one  of  allow- 
ing the  eggs,  after  their  extrusion  from  the  ovary,  to  stand  for  several 
hours  in  sea-water,  the  water  being  frequentlv  changed,  and  then 
fertilizing  with  normally  very  active  sperm. 

This  method  of  treatment  proved  most  successful  in  the  fertiliza- 
tion of  the  eggs  of  Toxopneustes  and  of  Arbacia  with  the  sperm  of 
^loira.  In  the  one  case  (Toxopneustes)  the  eggs  were  allowed  to 
stand  in  sea-water  for  five  hours,  in  the  other  (Arbacia)  for  seven 
hours,  before  the  addition  of  the  sperm.  (No  attempts  at  fertiliza- 
tion of  the  eggs  immediately  after  their  removal  from  the  ovary  were 
successful.) 

Fully  95  per  cent  of  the  eggs  of  Toxopneustes  and  of  Arbacia, 
treated  as  I  have  described,  underwent  a  regular  and  comparatively 
uniform  cleavage,  the  greater  number  developing  into  swimming 
blastulae  and  gastrulse.  Approximately  75  per  cent  of  these  em- 
brj'os  never  developed  beyond  this  stage,  about  one-fourth  develop- 
ing to  plutei,  which  took  food  and  remained  alive  for  a  week  or 
more. 

The  percentage  of  plutei  obtained  in  these  cases  was  about  the 
same  as  that  obtained  in  the  crosses  in  which  fewer  eggs  underwent 
segmentation. 

I  shall  take  as  a  basis  of  comparison  between  the  normal  and  the 
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hybrid  larvae  two  points,  the  form  of  the  body  and  the  character  ol 
the  skeleton. 

A  consideration  of  the  Moira  crosses  is  perhaps  of  the  greatest 
interest,  since  the  pluteus  of  this  form  is  at  once  distinguished  from 
that  of  any  other  form  under  consideration  by  its  possession  of  a 
posterior  unpaired  arm  which  makes  its  appearance  about  the 
twentieth  hour. 

The  hybrid  character  of  these  larvae  is  at  once  evident. 

The  skeleton  gives  an  even  better  basis  of  comparison  than  does 
the  body  form.  My  diagrams  show  a  portion  of  the  body  skeleton 
as  well  as  that  of  a  part  of  the  posterior  dorsal  arms. 

The  skeleton  of  the  arm  in  the  pluteus  of  Moira,  Mellita,  and 
Arbacia  is  normally  in  the  form  of  a  ladder  the  nmgs  of  which 
are  crossed  by  a  longitudinal  bar.  This,  in  the  hybrids,  has  been 
replaced  by  considerably  modified  structures.  The  single  bar,  char- 
acteristic of  the  Toxopneustes  arm,  has  been  replaced  by  a  three- 
pronged  structure. 

The  result  of  my  experiments,  then,  is  a  confirmation  of  the 
results  of  Driesch  as  to  the  marked  hybrid  character  of  the  skeleton, 
although  I  must  also  agree  with  Boveri  as  to  the  early  appearance  of 
hybrid  characters. 

The  influence  of  the  sperm  in  the  crosses  that  I  have  made  is 
much  more  evident  than  that  noted  by  Godlewski  in  his  crosses 
between  a  sea-urchin  and  a  crinoid. 

Diagrams  showing  the  characters  of  hybrids  from  the  following 
crosses  were  shown: 

TIT  •  TVT  ir*       Mellita  i. 

Mou-a  —  Meluta     tv^  . 

Mou-a  9. 

Moira  —  Toxopneustes     1,  i.      o 

*^  loxopneustes  9. 

Mellita  —  Toxopneustes     rp  \      n 

^  Toxopneustes  9. 

TIT  •  A  i_     •       Moira  <?. 

Mou-a  —  Arbacia      *  i_     •     « 
Arbacia  9. 
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THE   INFLUENCE   OF  YOLK  ON  THE  DEVELOPMENT 
OF   GASTEROPODS 

(Abstract) 
EDWIN  G.  CONKUN 

1.  The  eggs  of  Fvlgur  carica  are  among  the  largest  of  gasteropod 
eggs,  their  relatively  great  size  being  due  almost  exclusively  to  the 
great  quantity  of  yolk  which  they  contain.  These  eggs  are  13  times 
the  diameter  and  about  2000  times  the  volume  of  those  of  Crepidida 
plana,  with  which  particularly  they  are  compared. 

2.  The  cleavage  of  the  egg  of  Fulgar  is,  cell  for  cell,  like  that  of 
Crepidula  up  to  the  56-60  cell  stage,  the  only  diflFerence  being  in 
the  relative  sizes  of  the  macromeres  in  these  two  genera.  Some  of 
the  individual  features  in  which  the  cleavage  of  Fulgur  resembles 
that  of  Crepidula  are  the  following: 

a.  The  direction,  rhythm  and  quality  of  each  cleavage  b  the 
same. 

6.  The  first  and  second  cleavages  are  equal;  the  first  is  trans- 
verse to  the  median  plane  of  the  embryo,  the  second  coincides  with 
that  plane ;  a  small  yolk  lobe  is  formed  during  each  of  these  cleavages. 

c.  The  ectoderm  is  segregated  into  three  quartets  of  micromeres. 

d.  The  first  formed  member  of  the  fourth  quartet,  4  d,  is  the 
mesentomere;  its  anterior  portion  gives  rise  to  the  mesodermal 
bands  and  its  posterior  portion  to  the  intestine. 

e.  The  remaining  members  of  the  fourth  quartet,  viz.,  4  A,  4  5, 
4  C,  are  entomeres,  and  give  rise  to  all  portions  of  the  alimentary 
canal  and  its  outgrowths,  save  the  intestine  and  stomodaeum. 

/.  The  first  quartet  of  ectomeres  forms  a  "cross"  with  its  center 
at  the  apical  pole  and  with  anterior,  posterior,  right  and  left  arms. 
Between  the  arms  are  the  "turret'*  cells,  and  between  these  and  the 
apical  pole  are  the  "rosette"  cells;  all  of  these  cells  are  derived  from 
the  first  quartet,  except  the  "terminal"  cells  of  the  arms,  which  are 
derived  from  the  second  quartet.  The  cross  is  formed  of  exactly 
the  same  cells  in  Fulgur  as  in  Crepidula,  but  it  is  neither  so  distinct 
in  form  nor  so  persistent. 

g.  The  second  and  third  quartets  surround  the  first  and  are  com- 
posed of  cells  which  divide  in  the  same  order  and  direction  as  in 
Crepidula. 
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3.  In  later  cleavages  many  more  ectoderm  cells  are  formed  in 
Fulgur  than  in  Crepidula,  at  corresponding  stages  of  differentiation. 

4.  The  overgrowth  of  the  yolk  is  highly  peculiar  in  Fulgur.  By 
very  great  extension  of  the  anterior  half  of  the  blastoderm  while  the 
posterior  half  remains  relatively  fixed,  all  the  organ  bases  are  carried 
to  the  posterior  margin  of  the  blastoderm,  where  they  form  a  kind  of 
germ  ring.  Subsequently  the  posterior  margin  also  moves  over  the 
yolk,  so  that  the  blastopore  is  finally  formed  at  the  vegetal  pole. 

5.  Before  the  extension  of  the  anterior  portion  of  the  blasto- 
derm an  apical  invagination  of  ectoderm  cells  is  formed  in  the  region 
of  the  anterior  arm  of  the  cross.  This  invagination  subsequenUy 
flattens  out  and  completely  disappears.  Its  function  seems  to  be 
connected  with  the  rapid  extension  of  this  part  of  the  blastoderm. 

6.  The  cerebral  ganglia  arise  on  each  side  of  the  apical  invagina- 
tion, probably  from  the  anterior  ** rosette"  cells.  The  velar  cells 
arise  around  the  outer  margins  of  the  ganglia,  probably  from  the 
anterior  "turret"  cells.  By  the  rapid  growth  of  the  anterior  portion 
of  the  blastoderm  these  organ  bases  are  forced  far  apart  and  poste- 
riorly until  they  come  to  lie  in  the  posterior  margin  of  the  blastoderm, 
and  by  a  continuation  of  this  movement  they  are  carried  around  to 
the  ventral  side  of  the  embryo,  where  the  two  halves  of  these  organs 
approach  each  other  and  finally  unite  in  front  of  the  mouth. 

7.  The  paired  buccal  ganglia  arise  lateral  to  the  cerebral,  and 
probably  from  derivatives  of  2  a  and  2  c ;  they  extend  over  the  yolk 
in  the  same  manner  as  the  cerebrals,  and  finally  concresce  on  the 
ventral  side  of  the  embryo  posterior  to  the  mouth. 

8.  All  other  organs  (shell  gland,  pedal,  pleural,  parietal  and 
abdominal  ganglia,  foot,  intestine,  kidney,  gill,  heart,  etc.)  arise 
from  the  median  posterior  portion  of  the  blastoderm,  and  chiefly, 
if  not  entirely,  from  the  two  **  somatoblasts,"  2  d  and  4  d.  The  bases  of 
all  these  organs,  except  the  last  three,  appear  when  the  blastoderm  is 
still  a  small  plate,  and  in  the  case  of  paired  organs  they  are  from  the 
first  connected  across  the  median  plane  and  do  not,  therefore,  undergo 
concrescence.  The  origin  of  these  post-oral  organs  from  the  t\^o 
somatoblasts  is  strikingly  like  the  condition  found  in  annelids  and 
lammelibranchs,  and  the  elongation  of  the  body  of  the  gasteropod 
through  the  shell  gland  is  similar  to  the  elongation  of  the  body  of 
the  annelid  at  the  posterior  end. 

9.  All  homologous  organs  arise  from  corresponding  cleavage 
cells  in  Fulgur,  Crepidula,  and  probably  all  other  gasteropods. 
Great  increase  in  yolk  does  not  modify  the  type  of  germinal  localiza- 
tion, though  it  does  profoundly  modify  gastrulation  and  later  stages 
of  development. 

10.  This  indicates  that  germinal  localization  in  the  egg  and 
cleavage  stages  is  more  fundamental  and  primitive  than  the  later 
processes  of  ontogeny. 
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Cytological. 

11.  During  quartet  formation  the  nuclei  of  the  macromeres 
divide  at  relatively  short  intervals  and  they  remain  relatively  small, 
the  ratio  of  maximum  nuclear  diameter  to  cell  diameter  ("Kern- 
plasma-relation"  Kl'p)  being  1 :  24.  In  later  stages  the  resting  period 
of  the  nucleus  is  very  long  and  the  ratio  rises  to  1:12.  The  size  of 
the  nucleus  is  therefore  dependent,  not  only  upon  the  size  of  the 
cell,  but  also  upon  the  length  of  the  resting  period.  There  is  in  this 
species  no  fixed  ratio  of  nuclear  size  to  cell  size,  and  the  cause  of 
cell  division  cannot  be  found  in  the  maintenance  of  a  constant  ratio. 

12.  After  the  formation  of  the  fourth  quartet,  the  macromeres 
do  not  again  divide,  although  the  nuclei  do.  In  the  first  and  second 
cleavages  the  macromeres  divide  equally:  this  apparent  anomaly 
is  probably  due  to  the  fact  that  cytoplasm  is  distributed  through  the 
yolk  in  the  early  stages  but  is  lacking  in  the  later  ones-  This  sup- 
pressed cleavage  of  the  yolk  in  the  later  stages  is  an  approach  to 
the  condition  found  in  meroblastic  eggs. 
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NOTE  ON  THE  DEVELOPMENT  OF  THE  SPERMA- 
TOZOA OF  A  DECAPOD  MACRUROUS  CRUSTACEAN, 
ATYEPHHIA   COMPRESSA,   DE   HAAN 

C.  ISmKAWA 

Some  time  ago,  while  studying  the  peculiar  mode  of  the  segmenta- 
tion of  the  eggs  of  our  common  marsh-prawn,  Atyephira  compressa, 
I  came  across  some  microscopical  preparations  of  the  sperm-cells 
which  then  proved  to  be  of  special  interest  in  the  line  of  cytological 
research.  But  lack  of  time  obliged  me  to  leave  my  observations 
unpublished,  with  the  exception  of  giving  a  brief  notice  in  my  Text" 
book  of  Zoology,  published  in  1904.  And  although  my  observations 
are  as  yet  far  from  being  complete,  I  venture  now  to  lay  them  before 
the  public  nearly  in  the  same  form  as  I  then  wrote  them,  with  some 
slight  alterations. 

As  is  well  known,  the  sperm-cells  of  a  decapod-crustacean  are 
characterized  by  possessing  a  number  of  thread-  or  spine-Uke  pro- 
cesses from  the  surface  of  a  cylindrical  or  conical  body.  The  above- 
named  prawn  forms  no  exception  to  this  rule.  The  body  of  the  ripe 
spermatozoon  is  spherical,  with  a  long  stiff  spine  standing  out  from 
the  median  portion  of  its  flattened  base  which  we  call  the  posterior  side 
of  the  body;  the  base  of  the  spine  being  somewhat  swollen  (Fig.  1). 
Besides  this  spine,  the  body  is  encircled  by  three  rows  of  shorter  but 
much  stouter  spines  or  hooks.  The  most  anterior  of  these  rows  con- 
sists of  four  hooks,  each  of  which  has  its  curved  end  directed  out- 
ward and  backward.  The  second  has  eight  or  nine  hooks,  which  are 
directed  outwards  and  upwards,  while  the  most  posterior  consists  also 
of  eight  or  nine,  directed  backwards,  outwards,  and  a  little  upwards. 
The  length  of  th^se  hooks  differs  much  in  different  spermatozoa, 
even  from  the  same  vas  deferens,  in  some  cases  being  double  as  long 
as  in  others. 

The  fresh  spermatozoon  is  neariy  transparent,  nothing  like  a 
nucleus  being  observable  within  the  rather  thick  wall.  By  the  usual 
method  of  treatment,  however,  the  nucleus  and  other  structures  be- 
come distinctly  visible.  If  we  take  out  the  vas  deferens  of  a  normal- 
sized  prawn  and  press  out  the  slimy  content  of  it  on  the  surface  of  a 
glass  slide,  as  thin  as  possible,  and  treat  it  with  any  such  reagents 
as  acetic  sublimate,  platin-chloride-osmic  acid,  salt-sublimate,  Flem- 
ming's  solution,  etc.,  for  a  few  minutes,  and  then  washing  it  with 
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water  and  hardening  it  in  usual  ways,  stain  it. with  either  Hansen's 
or  with  Heidenhain's  heematoxylin,  with  or  without  the  preceding 
or  succeeding  staining  with  piro-fuchsin,  we  get  a  very  beautiful  prep- 
aration. In  such  a  preparation  we  see  a  large  nucleus  situated 
somewhat  nearer  the  lower  side  of  the  body,  with  its  shape  nearly 
corresponding  with  that  of  the  cell-body,  but  with  a  slight  indenta- 
tion on  its  mid- ventral  side  just  at  the  btse  of  the  long  spine.  The 
content  of  the  nucleus  stains  very  badly,  no  particular  structures 
being  distinguishable  in  it  even  by  a  very  strong  coloration.  The 
same  is  the  case  with  the  cell-body,  which  almost  always  remains  un- 
colored.  Curious  enough,  however,  the  spine  and  the  hooks  color 
somewhat  deeper  than  the  nucleus,  standing  out  very  conspicuously 
in  such  a  preparation  as  this.  But  the  most  interesting  thing  here  is 
perhaps  the  indentation  on  the  side  of  the  nucleus  above  mentioned, 
in  which  is  placed  a  smaU  roundish  body  staining  very  deeply  with 
hcpmatoxylin,  and  sending  out  a  thread  or  fbre4ike  process  passing 
through  the  ajns  of  the  spine  and  terminating  at  the  extreme  point  of 
the  same.  At  a  little  distance  from  this  rounded  body,  at  the  point 
where  the  basal,  swollen  part  of  the  spine  passes  to  its  narrower  por- 
tion, b  seen  a  second  body  which  also  is  very  deeply  stained,  and  as- 
sumes a  ring-shape,  through  the  centre  of  which  the  axial  fibre  passes.  * 

This  fact  alone  leads  us  to  anticipate  that  the  long  spine  of  this 
spermatozoon  corresponds  to  the  tail  of  the  ordinarily  flagellate  one,  the 
two  deeply  staining  bodies  corresponding  to  the  proximxd  and  the  distal 
centrosom£s,  while  the  central  fibre  corresponds  to  the  axial  fibre.  The 
development  of  the  sperm-cells  proves  beyond  doubt  that  our  antici- 
pation was  a  right  one. 

Preparations  of  the  testicular  contents,  either  in  toto  or  in  sections, 
show  that  slightly  after  the  last  division  of  the  spermatocyte  there  is 
a  small  mass  of  differentiated  cytoplasm,  the  sphere,  with  two  cen- 
trosomes  of  unequal  sizes,  close  to  one  side  of  the  nucleus  (Fig.  2). 
Within  the  nucleus  is  seen,  at  this  stage,  a  number  of  chromosomes 
staining  more  or  less  deeply,  and  one  or  more  nucleoli.  In  the  next 
stage  (Fig.  3)  the  archoplasm  is  larger,  and  assumes  an  elongated 
oval  form,  while  the  two  centrosomes  are  more  or  less  separated. 
From  this  stage  onward,  the  archoplasm  is  rather  diflBcult  to  see, 
although  in  many  preparations  it  appears  as  an  indefinite  mass  of 
cytoplasm  somewhere  in  proximity  of  the  centrosomes.  In  Fig.  4 
the  chromosomes  are  more  or  less  distinct  and  the  nucleolus  is  not  to 
be  seen.  On  one  side  of  the  nucleus,  at  some  distance  from  its  wall, 
are  placed  two  centrosomes,  also  of  unequal  size.  These  are  situated 
nearly  at  the  same  distance  from  the  surface  of  the  nucleus,  the  larger 
one  somewhat  interior  to  the  smaller.  Close  to  these  bodies  is  seen 
an  irregular,  ill-defined  mass  of  cytoplasm  which  is  more  deeply 
stained  than  the  rest  of  it  and  represents,  undoubtedly,  the  archoplasm, 
the  sphere  or  the  idiozome  of  Meves,    Beside  these  are  seen  a  number 
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of  chromatoid  masses  scattered  within  the  cell-body,  one  such  being 
seen  on  the  right-hand  side  of  the  figure  as  a  rather  large  crescent- 
shaped  body.  The  cells  of  the  Figures  2  and  3  were  treated  with 
Flemming's  solution,  while  that  of  Fig.  4  with  acetic-sublimate, 
and  to  this  is  due  the  larger  size  of  the  latter  cell  in  comparison  to 
those  of  the  two  former. 

A  further  stage  of  development  is  given  in  Fig.  5.  Here  the  chro- 
mosomes are  already  broken  up  into  a  number  of  chromatin-masses, 
and  scattered  all  over  within  the  nuclear  space.  Some  nucleoli  are 
also  to  be  seen.  The  idiozome  here  lies  external  to  the  centrosomes, 
which  now  show  very  important  changes.  The  larger  centrosome 
now  becomes  flattened  and  assumes  a  disk  shape,  while  the  smaller 
one  sends  out  a  short"cilia-like  process  from  its  outer  side,  and  directed 
towards  the  surface  of  the  cell,  where  it  ends.  It  rarely  occurs,  how- 
ever, that  the  smaller  centrosome  is  placed  close  to  the  cell-wall,  pro- 
jecting the  ciliary  process  from  its  surface  (Figs.  6  and  7).  In  both 
these  cells  the  idiozome  lies  outside  the  centrosomes  as  an  irregularly 
stained  mass.  In  Fig.  7  the  larger  centrosome  has  still  a  spherical 
shape,  while  in  Fig.  6  it  has  a  disk-like  shape,  as  in  Fig.  5.  In  both 
these  cells  the  larger  centrosome  lies  nearer  the  nucleus  than  the  smaller 
one,  with  only  the  difference  in  their  relative  positions.  The  projec- 
tion of  ciliary  process  out  of  the  surface  of  the  cell  from  the  smaller 
centrosome  is,  as  said  before,  a  very  rare  occurrence,  one  or  two 
being  met  with  among  hundreds  of  cells  in  similar  stages  of  develop- 
ment ;  the  cilia  being  situated  in  most  cases  within  the  cell-body,  as 
in  Fig.  5.  These,  therefore,  form  an  exceptional  case.  It  deserves, 
however,  to  be  mentioned,  as  they  remind  us  of  the  similar  stages 
occurring  in  the  sperm-celb  of  elasmobranchs,  discovered  and  de- 
scribed by  Moore. 

The  above  description  of  the  ripening  of  the  spermatozoa  of 
Atyephira,  incomplete  as  it  must  be  confessed,  throws  some  light 
as  to  the  homologies  of  the  spermatozoa  of  the  decapod-crustaceans 
with  those  of  the  ordinary  flagellated  forms.  The  only  work  on  the 
spermatozoa  of  these  animals  which  treats  of  the  finer  cytological 
structures  and  the  development  is,  as  far  as  known  to  me,  that  of 
Koltzoff  (Studien  iiber  die  Gestalt  der  Zelle,  I.  Untersuchungen  iiber 
die  Spermien  der  Decapoden  als  Einleitung  in  das  Problem  der 
Zellengestalt.  Arch,  mikr,  Anat,,  Bd.  67),  in  which  the  author  proves 
for  the  first  time  the  occurrence  of  the  centrosomes  in  these  celb  as 
well  as  the  homologies  of  these  cells  with  the  ordinary  flagellate 
spermatozoa.  In  the  young  spermatid  of  Galathea  sqiuimifera,  among 
other  forms  studied,  the  author  describes  two  centrosomes  and  two 
different  kinds  of  granulations,  —  the  mitochondral  and  the  capsular. 
These  granulations,  which  at  the  beginning  are  found  scattered  within 
the  cell-body,  become  gradually  collected  together  into  two  principal 
masses,  and  come  to  lie  in  definite  position  to  each  other ;  i,  e.  the 
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mitochondral  granulations  accumulate  between  the  capsular  and  the 
nucleus  to  form  the  neck  of  the  adult  spermatozoon,  the  capsular 
forming  the  tail,  while  the  nucleus  becomes  the  head.  The  two  cen- 
trosomes  which  in  a  young  spermatid  lie  at  the  periphery  of  the  cell 
come  to  he,  during  the  above  changes,  in  the  mitochondral  mass  close 
to  the  capsular,  and  placed  one  after  the  other  in  the  long  axis  of  the 
cell.  Of  these  two  centrosomes  the  hinder  one  now  divides  into  proxi- 
mal and  distal  portions,  the  former  becoming  disk-shaped,  while  the 
latter  elongates  to  form  the  rod-like  organ.  The  disk  and  the  rod 
then  become  hollowed  out,  so  that  a  tube  and  a  ring  are  formed.  The 
proximal  centrosome  remains  in  the  median  portion  of  the  neck;  the 
ring-shaped  portion  of  the  distal  centrosome  lies  at  the  point  where 
the  tail-bladder  begins,  while  the  tube-like  portion  of  the  same  com- 
mences just  in  front  of  the  ring  and  passes  through  the  axial  portion 
of  the  tail-capsule,  to  end  at  a  little  way  from  its  extremity. 

The  morphology  of  the  adult  spermatozoon  of  Galathea  is  thus 
very  like  that  of  Atyephira ;  the  tail-bladder  corresponds  to  the  long 
spine,  the  neck  to  the  swollen  base  of  the  same,  while  the  tube,  the 
ring  and  the  proximal  centrosome  to  the  axial  fibre,  the  ring  and  the 
smaller  centrosome.  The  only  difference  between  the  two  concerns 
the  origin  of  these  bodies.  Thus  while  in  Atyephira  the  ring  arises 
from  the  transformation  of  the  proximal  centrosome,  it  originates 
in  Galathea  from  the  anterior  portion  of  the  distal.  Moreover,  while 
in  Atyephira  the  distal  centrosome  with  the  ciliary  process  passes 
through  the  ring-shaped  proximal  centrosome  during  the  course  ot 
the  development,  and  comes  ultimately  to  be  placed  close  to  the 
nuclear  wall,  and  change  their  relative  positions,  the  centrosomes  of 
Galathea  remain  throughout  in  their  first  positions. 

Laying  aside  these  minor  points  of  differences  between  the  sper- 
matozoa of  Galathea  and  Atyephira,  we  can  safely  assume  that  there 
exists  no  fundamental  morphological  differences  between  these  forms 
of  spermatozoa  and  those  of  the  ordinary  flagellated  ones,  like  those 
we  find  in  Selachia  and  Amphibia,  and  that  the  two  forms  are  only 
the  modifications  of  one  and  the  same  type.  But  the  highly  inter- 
esting phenomenon  during  the  metamorphosis  of  the  spermatozoa 
of  Atyephira  is,  as  said  before,  the  growth  of  the  ciliary  process  out 
of  the  distal  centrosome,  and,  though  of  very  rare  occurrence,  especially 
the  free  outgrowth  of  the  same  from  the  surface  of  the  cell,  as  is  usually 
to  be  seen  in  the  transformation  of  the  flagellated  spermatozoon. 
Finally,  the  accumulation  of  the  rest  of  the  sphere,  the  idiozome, 
within  the  swollen  base  of  the  spine,  which  corresponds  to  the  neck 
of  the  flagellated  spermatozoon,  may  be  said  to  be  of  some  interest. 
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Explanation   of  the  Figures 

FiQ.  1.  —  Side  view  of  a  ripe  spermatozodn,  colored  with  Hansen's  hematoxylin 
and  picro-cannin.    Two  centrosomes  and  axial  fibre  strongly  colored. 

Fig.  2.  —  Young  spermatid-cell  not  long  after  second  division  of  spermatocyte. 
An  archoplasm  with  two  centrosomes  seen  within  it.  Treated  with  Flem- 
ming's  solution  and  colored  with  picro-fuchsin  and  Hansen's  hsematoxylin. 

FiQ.  3.  —  Similar  stage  as  Fig.  2.  Archoplasm  is  laiger  and  elongated;  two 
centrosomes  more  separated  from  each  other.    SimUarly  treated  as  Fig.  2. 

Fig.  4.  —  Slightly  more  advanced  stage  tlian  Fig.  3;  centrosomes  became  un- 
equal in  their  sizes,  and  have  left  the  archoplasm.  This  latter  is  seen  at  one 
side  of  centrosomes  as  an  indistinct  mass.    Acetic-sublimate  preparation. 

Fig.  5.  —  Similar  sta^  as  Fig.  4,  but  centrosomes  have  made  great  changes; 
the  larger  becoming  disk-shaped,  while  from  the  smaller  a  ciliary  process 
was  formed.     Flemming's  solution  with  Heidenhain's  haematoxylin. 

Figs.  6  and  7.  —  Similar  to  Fig.  5,  but  with  ciliary  process  projecting  out  of 
surface  of  cell,  as  in  cells  of  similar  stages  of  Selachia  or  Salamander.  Flem- 
ming's solution  with  Hansen's  hsematoxylin  and  picro-fuchsin. 

Fig.  8.  —  Section  of  cell  in  a  little  more  advanced  stage ;  smaller  centrosome 
lies  in  the  indentation  formed  on  the  surface  of  nucleus,  and  surrounded  by 
mass  of  idiozome ;  cilia  and  larger  centrosome  not  seen. 

Fig.  9.  — Smaller  centrosome  with  cilia  just  about  to  pass  through  ring-shaped 
larger  centrosome;  idiozome  lies  at  one  side  of  them.  Small  puling  out  of 
the  cell-body  at  point  where  centrosomes  are  placed  shows  beginmng  of  long 
spine  or  tail,  rlatin-chloride-osmic  acid  preparation  with  Heidenhain's 
haematoxylin. 

Figs.  10  and  11.  —  Similar  sta^  more  advanced;  centrosomes  have  nearly 
changed  their  relative  positions,  smaller  Ijdng  close  to  nuclear  wall,  and 
with  its  cilia  passing  through  ring-shaped  larger  one;  both  placed  in  the 
median  portion  of  the  spine. 

Fig.  12.  —  Spermatid-cell  with  general  shape  of  ripe  spermatozodn,  hooks  only 
wanting. 

Figs.  13  and  14.  —  Second  divisions  of  spermatocyte,  showing  single  and  double 
centrosomes. 
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NOTE     ON    THE     GASTRULATION    OF    THE     GIANT 
SALAMANDER,   MEGALOBATRACHUS   SIEBOLDII 

C.  ISHIKAWA 

The  shape  of  the  egg  at  the  end  of  the  blastula-stage  is  ahnost 
spherical,  with  a  somewhat  flattened  base.  Its  color  is  whitish  on 
its  upper,  animal  pole  and  passes  gradually  to  the  lower  side,  where 
it  is  yellowish.  The  wall  of  the  blastula  consists  of  two  layers  of 
cubical  cells  on  its  uppermost  part,  becoming  three,  four,  or  five 
layers  thick  as  it  passes  to  the  lower  yolk-cells,  which  is  nine  or  ten 
cell  layered.  Its  relatively  large  blastocoel  is  well  to  be  seen,  if  we 
hold  the  glass,  in  which  the  eggs  are,  against  the  window  and  let  the 
light  pass  through.  In  such  a  view  it  will  be  seen,  if  carefully  ex- 
amined, that  the  blastula  is  not  radially  symmetrical  as  it  superficially 
appears,  but  it  shows  a  very  beautiful  bilateral  symmetry,  i.  c,  the 
blastoderm  is  found  to  be  much  thicker  on  one  side  than  on  the  other, 
lying  opposite  to  it.  This  can  be  seen  much  better  in  sections,  where 
it  will  be  clearly  recognized,  that  at  one  side  where  the  blastoderm  is 
thin,  we  see  the  sinking  down  of  the  blastocoel  in  form  of  a  slit,  be- 
tween the  blastoderm  and  its  yolk-mass,  while  on  the  opposite  side 
the  wall  passes  gradually  to  the  lower  mass  of  yolk-cells,  the  fact 
which,  if  I  do  not  mistake,  was  first  observed  by  O.  Schultze,  in  the 
eggs  of  Rana. 

Just  at  this  point,  where  the  blastocoel  sinks  downwards,  we  find, 
on  the  surface  oi  the  egg,  the  formation  of  a  transverse  Une  or  furrow. 
This  appears  at  first  as  a  shallow,  slightly  curved  line  on  that  side 
of  the  egg  about  midway  between  the  upper  and  the  lower  poles  and 
showing  a  number  of  small  fold-like  processes  on  its  upper  edge 
(Figs.  2  and  3).  It  thus  has  a  very  close  resemblance  to  the  beginning 
of  the  blastopore  with  which  the  writer  for  the  first  time  confimed  it. 
Soon,  however,  it  showed  itself  to  be  quite  a  diflFerent  structure  from  a 
blastopore.  It  soon  became  elongated  at  both  the  ends  which  take  a 
course  in  a  quite  opposite  direction  to  their  first  appearance,  turning 
upwards. 

As  soon  as  this  is  formed,  a  second  furrow  becomes  visible  parallel 
to  the  first  and  in  exactly  the  same  manner  and  direction. 

Meanwhile  the  first  furrow  shifts  its  position  towards  the  dorsal 
or  cephalic  end,  while  the  lower  furrow  moves  gradually  towards 
the  ventral  side.    This  movement  of  the  second  furrow  is  quickest 
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near  the  median  line,  so  that  it  changes  its  shape  from  a  crescent  with 
the  median  portion  bulging  out  ventrally  (Fig.  12). 

This  second  furrow  is  the  true  blastopore,  while  the  first  furrow 
marks  the  line  of  the  septum  between  the  blastocoel  and  the  gastro- 
coel,  so  that  we  will  call  this  furrow  the  septal-furrow. 

Both  the  ends  of  the  septal  furrow  elongate  more  and  more  until 
they  become  united  with  each  other  at  the  point  opposite  to  its  first 
appearance.  There  is  thus  formed  on  the  surface  of  the  egg  a  circular 
segment,  beneath  which  the  blastocoel  Ues.  We  call  this  segment 
the  blastocoel  segment.  At  its  first  formation  the  segment  is 
rather  large,  covering  nearly  the  entire  dorsal  half  of  the  egg,  but 
soon  it  diminishes  in  size  and  form,  in  this,  that  its  circumference 
gradually  makes  a  centripefci,i  movement,  except  at  the  point  where 
both  the  ends  of  the  furrow  nave  met  with  each  other.  The  cephalo- 
caudal  diameter  of  the  segment  thus  becomes  smaller  than  the  lateral 
and  the  form  of  the  segment  thus  changes  from  a  circle  to  an  ellipse. 

On  the  surface  of  the  segment  we  observe  a  number  of  small 
star-shaped  Unes,  which  gradually  increase  as  the  diminution  of  the 
segment  continues.  The  ends  of  these  lines  soon  unite  with  each 
other  and  there  are  thus  formed  a  mass  of  small  polygonal  figures 
which  appear  very  much  Uke  the  cells.  These,  however,  are  formed 
as  wrinkles  on  the  surface  of  the  segment,  by  the  gradual  pushing 
in  of  the  circumference  of  the  segment,  as  above  stated,  and  has 
nothing  to  do  with  the  cells  (Figs.  7,  8,  9,  10). 

That  part  of  the  circumference  of  the  segment  where  the  ends 
of  the  furrow  have  met  becomes  somewhat  sunken  down  or  in,  as 
the  diminution  of  the  segment  continues  (Fig.  11),  and  a  number  of 
irregular  wart-Uke  elevations  are  formed  (Fig.  13).  The  gastro- 
coel  now  occupies  almost  the  entire  dorsal  portion  of  the  egg,  while 
the  blastocoel  has  become  very  small  and  Ues  at  the  extreme  anterior 
end  of  the  egg,  just  beneath  the  rest  of  the  blastocoel  segment  (Fig.  19). 
The  blastopore  has  now  become  much  elongated  and  has  shifted  its 
position  from  about  the  equator  of  the  egg,  where  it  first  made  its 
appearance,  to  near  the  ventral  side  of  the  egg. 

By  the  pushing  downward  of  the  median  portion  of  the  blasto- 
pore, this  structure  has  also  changed  its  form,  its  outline  becoming 
nearly  straight.  The  first  appearance  of  the  "Riickenlinie"  is  now 
to  be  seen  on  the  median  Une  at  a  little  distance  in  front  of  the 
blastopore. 

We  give  now  a  series  of  outline  figures  of  the  sections  made  of  the 
stages  above  described.  Fig.  14  is  a  longitudinal  section  of  the  stage 
earlier  than  Fig.  1.  The  upper  shaded  portion  represents  the  smaller 
animal  cells  of  the  blastula,  passing  gradually  to  the  larger  yolk-cells ; 
the  blastocoel  here  is  still  rather  small.  In  Fig.  15,  which  corresponds 
to  the  surface-view  of  the  egg  in  Fig.  2,  but  in  which  the  septal  furrow 
is  not  yet  formed,  we  see  the  enlargement  of  the  blastocoel  and  the 
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thinning  out  of  its  wall,  which  already  shows  a  marked  difference 
between  the  anterior  and  the  posterior  ends. 

At  the  cephalic  anterior  end,  as  said  before,  the  wall  is  thicker 
and  passes  gradually  to  the  lower  yolk-cells,  while  at  the  posterior 
end  it  is  thin  and  passes  rather  abruptly  to  the  same,  making  thus, 
more  or  less,  an  acute  angle.  In  Fig.  16  the  slit,  like  the  lowering 
down  of  the  blastocoel,  is  seen  at  the  posterior  end  of  the  same  and 
just  on  the  outer  side  of  this  slit  is  seen  a  shallow  invagination  which 
represent-  the  beginning  of  the  blastopore,  which,  although  on  the 
surface-view,  as  said  before,  appears  later  than  the  septal  furrow, 
is  in  sections,  always  very  distinctly  to  be  seen,  where  no  sign  of  this 
latter  septal  furrow  is  visible.  This  perhaps  is  due  to  the  fact  that 
the  septal  furrow  is  at  its  beginning  very  shallow,  and  therefore  not 
well  defined  in  sections. 

The  blastopore  becomes  deeper  in  Fig.  17,  passing  obliquely 
inwards  and  downward,  half  of  its  lower  base  being  formed  by  the 
cells  of  the  dorsal  wall.  Just  above  this  invagination  is  seen  a  much 
shallower  one,  which  represents  the  septal  furrow  (Fig.  16).  In 
Fig.  18  the  blastopore  has  removed  to  near  the  lower  side  of  the 
egg  and  the  gastrocoel  is  seen  as  a  rather  large  cavity  lying  dorsally 
to  it.  The  blastocoel  on  the  contrary  is  now  more  or  less  reduced  in 
size,  being  pushed  forward  by  the  growing  gastrocoel.  The  septum 
between  these  two  cavities  is  well  to  be  seen  and  is  composed  at 
its  narrowest  portion  of  a  row  of  single  layer  of  large  cells,  filled  with 
yolk-granules. 

A  shallow  septal  furrow  is  visible  just  outside  of  the  dorsal  edge 
of  the  septum. 

Lastly,  in  Fig.  19,  the  gastrocoel  now  occupies  almost  the  entire 
dorsal  portion  of  the  egg,  pushing  the  blastocoel  to  the  extreme  an- 
terior end.  This  latter  cavity  has  also  much  reduced  in  size,  lying 
just  within  the  remnant  of  the  blastocoel  segment,  where  it  disap- 
pears gradually,  never  becoming  confluent  with  the  gastrocoel. 

Both  the  centrosomes  and  the  ciliary  process  remain  therefore 
usually  within  the  cell-body.  The  centrosomes,  which  up  to  this 
time  fie  at  one  side  of  the  nucleus  without  any  definite  relation  to 
each  other,  come  now  in  close  proximity ;  and  while  the  larger  cen- 
trosome  transforms  itself  into  a  ring  by  the  atrophy  of  the  central 
portion  of  the  disk,  the  smaller  one  comes  to  pass  through  it,  and 
assumes  a  position  close  to  the  wall  of  the  nucleus.  These  processes 
are  seen  in  Figs.  8,  9,  10  and  11.  In  Fig.  9  the  ring  is  seen  a  little 
obliquely  and  the  smaller  centrosome  with  the  cilia  is  just  passing 
through  the  ring,  and  in  Figs.  10  and  11  it  has  already  passed  through 
it  and  is  placed  rather  near  to  the  surface  of  the  nuclear  wall,  which 
is  also  a  little  depressed  in  the  cells  of  Figs.  8  and  10.  A  slight  ele- 
vation is  also  to  be  seen  on  the  surface  of  the  cell  where  the  cen- 
trosomes are  found,  which  is  destined  to  form  the  tail  of  the  adult 
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spermatozoon;  and  in  Fig.  12  nearly  the  ripe  condition  is  attained^ 
the  hooks  only  being  wanting.  In  aU  these  cells  the  idiozome  is  seen 
surrounding  the  centrosomes  and  placed  within  the  elevation  at  the 
base  of  the  tail.  Whether  the  idiozome  remains  permanently  within 
this  portion  of  the  spine,  or  a  part  of  it  goes  to  form  the  body  of  the 
spine  itself,  is  a  point  not  yet  sufficiently  clear. 
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THE    EMBRYOLOGY    OF    THE    FLORIDA   ALLIGATOR 
(A.   MISSISSIPPIENSIS) 

ALBERT  M.  REESE 

Practically  the  only  work  that  has  been  done  upon  the  devel- 
opment of  this  reptile  is  described  in  the  well-known  paper  by  Clarke.^ 
This  lack  of  investigation  upon  such  an  important  form  is  doubtless 
due  to  the  great  difficulties  experienced  in  collecting  the  necessary 
material.  Clarke,  some  twenty  years  ago,  made  three  trips  to  Florida 
in  search  of  material,  for  the  use  of  some  of  which  the  writer  is  much 
indebted  to  him ;  and  parts  of  three  summers  have  been  spent  by  the 
writer,  among  the  southern  swamps,  on  the  same  quest  The  longest 
and  most  successful  of  these  expeditions  was  made  through  the  lib- 
erality of  the  Smithsonian  Institution,  another  was  made  possible  by 
a  small  grant  from  the  Elizabeth  Thompson  Science  Fund,  and  the 
third  was  undertaken  at  the  author's  own  expense.  The  chief  diffi- 
culty in  collecting  the  material  is  to  obtain  the  earliest  stages  of  de- 
velopment. This  difficulty  is  due  largely  to  the  fact  that  the  earlier 
stages  are  usually  passed  through  before  the  eggs  are  laid,  and  when 
the  undeveloped  eggs  are  removed  from  the  oviducts  of  the  female 
alligator  they  cannot  be  made  to  develop,  even  with  the  greatest  care. 
Voeltzkow^  experienced  the  same  difficulty  in  collecting  crocodile 
material  in  Madagascar,  and  obtained  the  desired  stages  only  by  tying 
a  live  crocodile  and  removing  the  eggs,  at  intervals,  through  a  sUt 
in  the  body  wall  and  oviduct. 

The  eggs  have  a  rough,  white,  calcareous  shell,  and  average  about 
74  nmi.  X  43  mm.  in  size;  they  are  elliptical  in  shape,  not  pointed  at 
one  end  as  is  the  hen's  egg.  The  albumen  is  very  stiff,  so  that  the  egg 
may  be  emptied  from  the  shell  and  passed  from  hand  to  hand  without 
rupturing  the  delicate  vitelline  membrane  around  the  yolk.  A  white, 
chalky  band  appears,  early  in  development,  in  the  shell  membranes 
around  the  smaller  circumference  of  the  egg;  it  is  clearly  visible  before 
or  after  removal  of  the  shell. 

The  mesoderm  is  derived  chiefly  by  proliferation  from  the  upper 
side  of  the  entoderm.  All  of  the  mesoderm  anterior  to  the  blastopore 
seems  to  be  derived  in  this  way;  while  that  back  of  the  blastopore  is 

*  Clarke,  S.  F.,  The  Habits  and  Embryology  of  the  American  Alligator. 
Jour.  Marph.,  5,  pp.  182-214,  1891. 

'  Voeltzkow,  A.,  Biologie  und  Entwicklimg  der  ftusseren  Korperfrom  von 
Crocodilus  madagascariensis  Grand.  Abh.  Sendc.  Natufor.  Gesell.,  26,  pt.  1,  pp. 
1-149,  1889. 
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derived  in  the  usual  way  by  proliferation  from  the  lower  side  of  the 
ectoderm.  It  is  not  possible,  however,  to  distinguish  with  certainty 
between  the  mesoderm  derived  from  the  entoderm  and  that  derived 
from  the  ectoderm. 

During  the  eariier  stages  of  development  the  ectoderm  becomes 
greatly  thickened  along  the  median  longitudinal  axis. 

The  notochord  is  apparently  of  entodermal  origin,  though  in  the 
posterior  region  of  the  eariy  embryo,  where  the  germ  layers  are  less 
distinct  from  each  other,  it  is  impossible  to  say  whether  the  noto- 
chord is  derived  directly  from  the  entoderm  or  from  the  mesoderm 
that  has,  itself,  just  separated  from  the  lower  layer. 

The  medullary  folds,  as  pointed  out  by  Clarke,  have  a  sort  of  double 
origin :  the  posterior  and  greater  part  of  the  folds  arises  in  the  ordi- 
nary way,  while  anterior  to  these  appears  a  V-shaped  fold  (pointed 
caudad)  which  separates  so  that  each  side  of  the  V  may  fuse  vnth  the 
anterior  end  of  the  corresponding  fold  of  the  posterior  region.  The 
posterior  end  of  the  medullary  groove  is  absolutely  continuous  with 
the  primitive  groove,  so  that  no  line  of  demarkation  can  be  drawn  be- 
tween them,  unless  the  dorsal  opening  of  the  blastopore  be  taken  as 
the  point  of  division. 

The  amnion  develops  rapidly,  and  entirely  from  the  anterior  end ; 
it  shows  not  the  least  sign  of  a  tail-fold. 

The  blastopore  or  neurenetric  canal  is  a  very  marked  feature  of 
all  early  embryos  until  about  the  time  of  closure  of  the  medullary 
canal. 

Preceding  the  ordinary  cranial  flexure  there  is,  in  early  embryos, 
a  temporary  downward  bending  of  the  anterior  ends  of  the  medullary 
folds  due,  apparently,  to  the  formation  of  the  head-fold. 

During  the  earlier  stages  of  development  the  anterior  end  of  the 
embryo  is  pushed  down  under  the  blastoderm,  so  that  it  cannot  be 
seen  from  above. 

Body  torsion  takes  place  at  about  the  same  stage  of  development  as 
in  the  chick,  but  it  is  less  definite  in  direction,  some  embryos  lying  on 
the  right,  others  on  the  left  side. 

Certainly  three,  and  probably  four,  of  the  gill  clefts  open  to  the 
exterior.  An  apparent  fifth  cleft  is  seen,  in  a  rudimentary  condition, 
in  sections  and  in  one  surface  view. 

The  first  trace  of  the  urinary  organs  is  seen  as  a  pair  of  solid, 
dorsally  projecting  ridges  of  mesoblast  in  the  middle  region  of  an 
embryo  with  seventeen  pairs  of  mesoblastic  somites.  These  ridges 
soon  become  hollow  to  form  the  Wolffian  ducts. 

The  pituitary  and  pineal  bodies  are  easily  seen;  the  latter  projects 
backwards.' 

*  More  recent  investigations  by  the  writer,  soon  to  be  published,  show  that 
the  structure  mentioned  above  as  the  pineal  body  is  really  the  paraphysis ;  the 
pineal  body  is  absent  in  this  animal. 


Digitized  by 


Google 


EMBRYOLOGY   OF  THE   FLORIDA   ALLIGATOR      537 

No  connection  can  be  made  out  between  the  early  rudiments  of 
the  sympathetic  nerves  and  the  central  nervous  system. 

The  lumen  of  the  oesophagus  is,  as  in  other  forms,  for  a  time 
obliterated. 

The  choroid  fissure  is  a  very  transitory  but  well-marked  feature  of 
the  embryonic  eye. 
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ON  THE  DEVELOPMENT  OF  THE  CHONDROCRANIUM 

IN   BIRDS 

J.  W.  VAN  WUHE 

The  aim  erf  my  communication  is  to  give  a  brief  account  of  the 
preparations  on  the  development  of  the  chondrocranium  in  birds 
made  with  the  methyiene-blue  method  by  my  former  assistant,  Dr. 
Sonies.    A  part  of  these  preparations  is  ejdiibited  at  this  congress. 

The  detailed  description  appeared  about  two  months  ago  in 
Petrus  Camper. ' 

The  fact  of  more  general  interest  stated  by  Sonies  seems  to  me 
the  occurrence  of  two  cartilaginous  vertebral  centra  in  the  occipital 
region  of  birds,  and  as  it  is  just  now  a  hundred  years  ago  since 
Lorenz  Oken'  published  his  vertebral  theory  of  the  skull,  I  may 
perhaps  be  permitted  to  expose  the  following  views  on  the  segmenta- 
tion of  the  head  of  vertebrates  already  published  elsewhere. 

It  is  a  well-known  fact  that  at  a  certain  stage  of  development  the 
notochord  in  all  vertebrates  extends  forward  as  far  as  the  hypophysb 
cerebri  and  backwards  as  far  as  the  end  of  the  tail. 

Over  the  whole  length  of  the  trunk  and  also  in  the  occipital  re- 
gion of  the  head  the  dorsal  part  of  the  mesoderm  is  separated  into 
somites. 

In  the  lower  vertebrates,  selachians  and  petromyzontes,  the 
somites  are  not  restricted  to  the  occipital  region,  but  extend  forward 
as  far  as  the  hypophysis,  i.  e.,  equally  far  as  the  notochord. 

The  greater  part  of  the  voluntary  muscular  system  is  formed 
from  the  somites,  and  in  Amphioxus  the  segmentation  of  this  (pari- 
etal) muscular  system  is  permanent  and  distinct  from  the  anterior 
to  the  posterior  end  of  the  body. 

The  original  function  of  the  somitic  muscles  of  the  chordates  con- 
sisted, in  my  opinion,'  in  the  to  and  fro  movement  of  the  notochord, 
and  so  of  the  whole  body  during  swimming. 

In  the  craniotes  this  muscular  system  is  interrupted  in  the  region 
of  the  auditory  organ,  and  in  my  opinion  the  presence  of  the  auditory 
capsule  is  the  cause  of  this.    This  capsule,  which  also  encloses  the 

*  F.  Sonies,  Ueber  die  Entwickelung  des  Chondrocraniums  und  der  knor- 
peligen  Wirbelsaule  bei  den  Vogeln.    Petrus  Camper.  4,  Part  4,  1907. 

^  Oken,  Ueber  die  Bedeutimg  der  Sch^elknochen.  Ein  Programm  beim 
Antritt  der  Professur  an  der  Gesammt-Universitat  zu  Jena,  1807. 

'  Cf.  van  Wijhe,  Ueber  die  Homologi  siruwg  des  Miindes  und  die  primitive 
Leibesgliedening  der  Wirbel  thiere.    Petrus  Camper,  4,  Parts  1  and  2,  1906. 
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organ  of  equilibrium,  needed  a  firmer  attachment  than  could  be  af- 
forded by  the  connective  tissue,  and  found  it  in  the  parachordal  car- 
tilage, through  the  stiffness  of  which  the  muscular  fibres  of  the  somites 
in  tins  region  could  no  longer  operate  and  consequently  disappeared, 
partly  even  in  their  origin. 

The  effect  of  this  was  also  felt  in  the  region  in  front  of  the  auditory 
organ,  but  here  part  of  the  somitic  muscular  fibres  persisted  on  ac- 
count of  a  change  of  function.  They  became  attached  to  the  here 
developing  eyeball,  and  now  served  for  the  movement  of  this  latter 
and  no  longer  for  the  movement  of  the  whole  body.  This  was  accom- 
panied by  far-reaching  shiftings,  which  can  still  be  followed  in  the 
individual  development. 

The  cartilaginous  skeleton  forms  a  system  which  appears  only  late 
in  the  development  of  the  vertebrates  and  long  after  the  appearance  of 
the  muscular  system.  As  soon  as  the  first  cartilage  may  be  observed, 
the  muscular  system  in  the  head  has  undergone  the  changes  indicated 
above.  In  the  auditory  region  of  the  inferior  vertebrates  the  somites 
have  disappeared,  some  of  them  without  producing  muscular  fibres, 
while  others  produced  only  abortive  ones.  In  the  higher  vertebrates 
even  the  segmentation  of  the  mesoderm  has  been  suppressed  in  this 
region. 

In  front  of  the  auditory  organ  the  somites  have  entirely  changed  in 
place  and  shape  and  have  entered  into  the  service  of  the  eyeball.  Only 
in  the  occipital  region  the  myotomes  —  generally  numbering  three  — 
still  stand  in  the  original  order  and  have  the  same  shape  as  the  myo- 
tomes of  the  trunk. 

Head  and  trunk  are  separated  in  the  ontogeny  —  although  the 
border  is  later  somewhat  shifted  in  a  caudal  direction  —  already 
before  the  cartilaginous  vertebral  column  appears,  and  I  see  no 
reason  for  assuming  that  this  separation  should  not  have  taken  place 
also  in  phylogeny  before  the  appearance  of  the  column. 

The  segmentation  of  the  vertebral  column  depends  on  that  of  the 
muscular  system.  The  body  of  a  vertebra  is  not  formed  opposite  the 
middle  of  a  myotome,  but  opposite  the  border  of  two  successive  myo- 
tomes. Balfour  has  given  the  explanation  of  this  at  first  sight  curious 
phenomenon.  The  first  muscular  fibres  occupy  the  whole  length  of  a 
myotome  and  lie  laterally  of  the  tissue  surrounding  the  notochord. 
Now  it  is  no  more  than  natural  that  the  solid  points  of  attachment 
which  in  this  tissue  are  formed  for  the  muscular  fibres,  namely,  the 
origin  of  the  vertebral  bodies,  are  formed  opposite  the  borders  of  two 
successive  myotomes. 

If  we  now  ask  where  the  appearance  of  vertebral  centra  in  the 
head  may  be  expected,  the  answer  must  be  that  this  cannot  be  in 
the  auditory  region,  since  here  the  myotomes  have  disappeared  at  the 
time  of  the  appearance  of  the  cartilage.  No  more  can  this  be  the 
case  in  the  region  in  front  of  the  auditory  organ,  for  here  the  myo- 
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tomes  have  entirely  altered  their  place  and  have  entered  into  the 
service  of  the  eyeball. 

Only  in  the  occipital  region  one  would  expect  the  appearance  of 
two  or  three  vertebrae.  Yet  until  recently  nobody  has  observed 
them  here,  although  this  region  has  been  investigated  not  only  by  the 
method  of  series  of  Sections,  but  also  by  the  methylene-blue  method, 
by  which  the  investigation  is  so  much  easier.  By  this  method 
Noordenbos  did  not  find  them  in  the  skull  of  mammals,  nor  did  I 
in  the  skull  of  selachians.  Instead  of  vertebrae  we  only  found  the 
well-known  parachordal  cartilage  accompanying  the  notochord  in 
the  occipital  and  auditory  regions. 

Certain  authors  have  indeed  spoken  of  the  origin  of  vertebrae  in 
the  occiput ;  but  the  parts  observed  by  them  were  not  cartilaginous, 
and  only  badly  outlined  cell-heaps,  not  deserving  the  name  of  vertebrae. 

So  I  was  gready  surprised  when  my  former  assistant,  Dr.  F. 
Sonies,  discovered  by  the  methylene-blue  method  two  cartilaginous 
vertebral  bodies  in  the  occiput  of  embryos  of  the  chick  of  the  sixth 
breeding  day,  and  of  ducks  in  a  corresponnding  stage. 

It  will  be  asked  how  it  is  possible  that  these  vertebrae  have  not 
been  long  known,  since  the  embryos  of  the  chick  form  the  classical 
material  for  investigation  in  all  embryological  laboratories.  The 
answer  is  that  they  were  not  discovered  because  the  stage  in  which 
they  appear  is  of  so  very  short  duration.  One  has  to  hit  the  moment 
in  which  the  cartilage  appears  in  the  first  two  vertebrae  of  the  neck. 
Before  the  cartilage  appears  in  the  remaining  vertebrae,  the  two 
occipital  vertebrae  have  already  coalesced  with  the  parachordal 
cartilage. 

It  is  impossible  to  indicate  the  hour  of  the  breeding  day,  since  the 
development  of  the  different  eggs  varies  too  much.  By  taking  a  large 
quantity  of  material,  however,  it  is  always  possible  to  obtain  the  desired 
stage.  It  would  require  an  immense  expenditure  of  time  to  work  all 
this  material  by  the  method  of  series  of  sections.  With  the  methylene- 
blue  method,  however,  one  is  ready  in  a  few  days. 

So  the  parachordal  cartilage  of  birds  does  not  originally  form  a 
morphological  unity.  With  Sonies  we  may  distingubh  two  parts  in  it : 
an  anterior  praevertebrcd  part,  situated  in  a  region  where  the  myo- 
tomes are  degenerate  or  abortive,  and  a  posterior  or  vertebral  part,  oc- 
curring in  the  shape  of  two  vertebral  bodies,  which  soon  coalesce  with 
the  anterior  part. 

Corresponding  to  these  two  vertebral  bodies  later  also  two  vertebral 
arches  appear  on  each  side,  which  soon  coalesce,  but  the  locality  of 
which  remains  indicated  by  two  openings  for  the  two  roots  of  the  hypo- 
glossal nerve. 

In  later  stages  there  occurs  in  front  of  these  two  openings  a  very 
small  third  one  for  a  blood  vessel.  Probably  this  third  opening  served 
primitively  for  a  third  abortive  root  of  the  hypoglossal  nerve. 
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Other  facts  stated  by  Sonies,  chiefly  in  embryos  of  the  chick  and 
duck,  may  briefly  be  enumerated  as  follows: 

1.  The  first  element  appearing  of  the  cartilaginous  skeleton  in 
birds  is  neither  a  part  of  the  vertebral  column  nor  the  parachordal 
cartilage  or  the  trabecula,  but  an  unpaired  piece  of  cartilage  behind 
the  hypophysis  cerebri,  encircling  the  notocnord  near  its  front  end. 
It  may  be  called  the  acrochardal  cartilage 

2.  Soon  afterwards  the  parachordal  cartilage  is  seen  encircling 
the  notochord  in  the  auditory  region,  and  a  little  later  appear  in  front 
of  the  hypophysis  the  trabeculae  paired  at  first  but  soon  coalescing. 

3.  The  trabeculae  do  not  unite  directly  with  the  parachordal 
cartilage  but  by  the  intermediate  of  the  polar  cartilage,  discovered 
by  Noordenbos  in  mammals  and  found  by  myself  in  selachians. 

4.  The  auditory  capsule  develops  from  two  parts,  which  grossly 
may  be  compared  to  a  box  and  its  cover.  The  basal  or  cochlear  part  — 
the  box  —  is  the  basiotic  lamella.  It  appears  in  the  chick  as  in  the 
Selachians  in  the  form  of  a  lateral  wing  of  the  parachordal  cartilage. 
In  the  duck,  however,  it  is  at  first  independent,  but  soon  coalesces  with 
the  parachordal  cartilage.  The  cover  of  the  box,  i.  e.,  the  cana- 
licular part,  is  at  first  independent  as  in  the  whole  vertebrate  series, 
but  afterwards  unites  with  the  basiolic  lamella.  In  the  line  of  union 
remains  a  small  opening  through  which  the  facial  nerve  escapes  from 
the  auditory  capsule,  and  this  opening  is  transformed  ijito  a  little  tube : 
the  first  part  of  the  Fallopian  canal. 

5.  The  polar  cartilage  coalesces  behind  with  the  basiotic  lamella 
and  in  front  with  the  trabecula.  Between  the  acrochordal  and  the 
front  end  of  the  parachordal  cartilage  lies  the  fenestra  hasicranialis 
posferior,  a  primary  formation,  not  due  to  the  resorption  of  cartilage. 

6  .    An  independent  intertrabecula  does  not  exist. 

7.  In  the  lateral  part  of  the  metoiic  fissure  appears  an  independent 
cartilage  (the  "  Occipitalfluger*  of  Suschkin),  with  two  openings 
at  its  base,  one  for  die  glossopharyngeal,  the  other  for  the  vagus 
nerve. 

8.  In  the  dorsal  part  of  the  auditory  region  appears  an  inde- 
pendent paired  tectum  synoticum, 

9.  A  little  in  front  of  the  auditory  capsule  appears  the  antotic 
lamella  which  soon  unites  with  an  at  first  independent  postorbital 
(supra-orbital)  cartilage.  Later  this  cartilage  extends  backwards, 
coalesces  with  the  auditory  capsule  and  closes  the  antotic  fissure 
dorsally,  transforming  it  into  an  opening  for  the  second  and  third 
branch  of  the  trigeminal  nerve.  The  first  branch  has  a  more 
medial  opening  for  itself. 

10.  At  the  border  of  the  orbital  and  nasal  region  appears  a  long 
orbitonasal  lamella,  the  back  end  of  which  almost  attains  the  postorbital 
(supra-orbital)  cartilage.  This  lamella  almost  entirely  disappears  in 
the  course  of  development. 
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11.  The  lateral  wall  of  the  nose  (with  the  conehae)  is  an  independ- 
ent formation. 

12.  The  auditory  columella  consists  of  two  parts :  stapes  and 
extracolumella.  The  stapes  is  never  in  continuity  with  the  auditory 
capsule.  The  extra-columella  of  the  chick  contains  independent, 
cartilaginous  points. 

13.  A  stapedial  muscle,  innervated  by  the  facial  nerve,  as  in  Mam- 
mals, is  inserted  to  the  supra-stapedial  process. 

14.  The  stylohyal  and  ceratohyal  appear  as  independent  paired 
cartilages. 

15.  The  quadrate  cartilage  is  independent  from  the  beginning, 
and  Meckers  cartilage  appears  in  the  duck  as  in  some  Selachians  as 
two  pieces  of  cartilage,  which  soon  coalesce  on  both  sides  of  the  body. 

16.  The  hyoidean  apparatus  is  at  first  composed  of  two  copulae 
and  of  the  ceratobranchial  and  epibranchaial  belonging  to  the  third 
visceral  arch.    Later  appears  the  ceratohyal  cartilage  named  above. 

17.  The  bodies  of  the  vertebrae  are  formed  as  cartilaginous  rings 
around  the  notochord. 

18.  There  are  only  two  cartilaginous  intercentra  in  the  trunk; 
the  first  forms  afterwards  the  anterior  arch  of  the  atlas,  the  second 
belongs  to  the  region  of  the  axis. 

19.  The  vertebral  arches  arise  independent  of  the  vertebral  bodies. 

20.  The  ribs  appear  in  the  cervical  and  thoracal  regions  as  inde- 
pendent cartilages.    Atlas  and  axis  are  without  rudiments  of  ribs. 
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ON   THE   EARLIEST    KNOWN   STAGES    OF   PLACEN- 

TATION   AND    EMBRYONIC    DEVELOPMENT 

IN   MAN 

MAXIMILIAN  HERZOG 

The  most  important  contribution  to  our  knowledge  of  the  earli- 
est stages  of  human  plaeentation  was  made  less  than  ten  years  ago 
by  Peters,  whose  monograph  is  so  well-known  to  every  student  of 
the  subject.  Leopold  also  recently  published  an  account  of  a  very 
young  human  ovum  obtained  in  situ.  Without  trying  to  detract 
from  the  great  value  and  fundamental  importance  of  Peters'  speci- 
men, it  is  proper  to  point  out  that  it  came  from  a  case  which  leaves 
open  the  question  of  possible  pathologic  changes.  Peters'  ovum 
was  obtained  from  a  woman  who  committed  suicide  by  swallowing 
a  large  quantity  of  caustic  potash  solution,  and  who  died  three  hours 
later.  Such  a  rapid  death  after  the  ingestion  of  the  fixed  mineral 
alkalies  is  extremely  rare,  and  I  can  only  find  the  very  incomplete 
record  of  a  single  case,  that  of  a  boy,  said  to  have  died  three  hours 
after  swallowing  lye.  It  is  also  evident  that  the  embryo  in  Peters' 
ovum  has  not  contributed  much  to  our  knowledge  of  the  earliest 
stages  of  the  development  of  man,  and  so  great  an  authority  on 
young  human  embryos  as  Count  Spec  has  not  been  able  to  make 
much  out  of  this  embryo. 

In  Peters'  specimen  the  ovum  has  an  elliptical  form,  and  the 
exocoelom  presented  the  following  measurements:  L6;  0.8;  0.9 
millimeters.  The  embryo,  which  was  not  well  preserved,  as  stated 
by  Peters  himself,  extended  over  nineteen  sections,  each  ten  microns 
thick.     No  further  measurements  or  data  were  given. 

Leopold's  small  ovum  which  forms  the  basis  of  his  report  was 
obtained  from  a  young  woman  who  committed  suicide  by  taking 
phosphorus.  After  a  prolonged  search  of  the  interior  of  the  uterus, 
Leopold  found  at  the  posterior  wall  of  the  corpus  a  small  point, 
somewhat  lighter  than  the  surrounding  tissue.  A  cubical  piece  of 
tissue  containing  this  lighter  point  was  properly  fixed  and  sectioned 
into  a  series  of  five  microns  each.  One  hundred  and  sixty  sections 
showed  a  very  small  cavity,  which  presented  the  following  measure- 
ments: Length,  L4  mm.;  height,  0.9  mm.;  thickness,  0.8  mm.  In 
no  section  could  Leopold  find  anything  like  an  embryonic  shield  or 
an  amnion,  hence  he  himself  raises  the  question  whether  or  not  this 
ovum  might  not  be  looked  upon  as  a  pathologic  specimen. 
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We  most  decidedly  believe  that  the  small  ovum  of  Leopold,  if 
an  ovum  it  be  at  all,  must  be  looked  upon  as  a  pathologic  specimen. 
The  absence  of  the  embryonic  shield  in  a  closed  cavity  of  necessity 
must  favor  such  a  suspicion.  Perhaps  Leopold's  case  is  simply  the 
first  stage  of  a  hydatid  mole. 

The  present  author  a  number  of  years  ago  became  interested  in 
human  placentation,  primarily  in  connection  with  the  morbid  anat- 
omy and  histopathology  of  ectopic  gestation,  and  he  has  for  years 
examined  for  very  young  human  ova,  as  a  matter  of  routine,  every 
uterus  and  every  Fallopian  tube  which  fell  into  his  hands,  either  as 


Fig.  1. 

an  operative  or  as  a  past-mortem  specimen,  and  he  has  been  fortu- 
nate enough  to  obtain  a  uterus  from  an  absolutely  unobjectionable 
case,  containing  an  ovum  in  all  of  its  main  features,  approximately 
alike  in  type  and  age  to  the  Peters  pvum,  and  containing  a  perfectly 
well  preserved  embryonic  shield,  much  younger  than  any  human 
embryo  heretofore  satisfactorily  described.  The  specimen  was 
obtained  during  our  term  of  service  as  pathologist  in  the  Govern- 
ment Bureau  of  Science,  Manila,  P.  I.,  and  the  case  from  which  it 
was  derived  presented  the  following  findings,  noted  down  at  the 
time  the  autopsy  was  held,  and  published  recently.^ 

*  Herzog:  Peculiar  Cases  of  Traumatism  of  Internal  Organs,  Some  Due  to 
Tropical  Conditions  and  Practices.  Surgery,  Gynecology  and  Obstetrics,  Vol.  IV, 
No.  6,  p.  741.     Chicago,  1907. 
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Mrs.  M.  R.,  from  Intramuros,  ^Manila,  Filipina,  aged  twenty-five, 
died  July  17,1904.  The  post-mortem  examination  was  made  July  18, 
twelve  hours  after  death.  Immediate  cause  of  death  not  known. 
It  was  stated  that  she  had  been  struck  by  a  small  carriage  (called 
carromata  in  jNIanila)  shortly  before  she  died.  Body  of  a  well- 
developed  young  native  woman,  twenty-five  to  thirty  years  of  age. 
Post-mortem  rigidity  strongly  marked.  Post-mortem  lividity  quite 
noticeable.  Abdomen  somewhat  distended.  A  repeated  careful 
inspection  fails  to  show  any  signs  of  external  violence.    No  wounds. 


Fig.  2. 

contusions,  or  abrasions  of  any  kind  to.be  seen.  On  opening  the 
thoracic  cavity,  the  pericardium  is  found  to  be  much  distended,  and 
shining  through  it  there  appears  to  be  a  firm,  dark,  blood  coagulum. 
On  opening  the  pericardium,  it  is  found  that  it  contains  a  large 
amount  of  dark,  coagulated,  gelatinous  blood,  and  blood-tinged 
serum,  distending  the  pericardium  ad  maonmum  and  compressing 
the  heart.  A  careful  examination  fails  to  show  any  perforation  in  the 
pericardium.  The  heart,  which  weighs  about  226  grams,  presents  a 
perforation,  which  begins  2  cm.  to  the  left  of  the  anterior  border  of 
the  interventricular  septum.     The  perforation  extends  almost  hori- 
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zontally  toward  the  left,  being  a  little  downwardly  inclined.  It  forms 
a  slit  2.2  cm.  long,  running  5  cm.  above  the  apex,  and  5.5  cm.  below 
the  sulcus  of  the  heart.  The  edges  of  the  perforation  are  almost 
clean-cut  where  they  enter  the  myocardium,  as  if  they  had  been 
produced  by  a  dull,  somewhat  serrated,  knife.  The  cut  takes  a 
somewhat  downward  and  inward  coui'se,  traveling  through  the 
whole  thickness  of  the  myocardium.  Where  the  cut  enters  the  cavity 
of  the  heart,  the  margins  are  not  very  smooth,  but  rather  irregular 
and  ragged.    The  consistency  of  the  myocardium  is  good.    Its  color 


Fig.  3. 

is  pinkish-brown,  and  all  the  serous  surfaces  are  smooth.  There  are 
no  atheromatous  changes.  The  heart  is  covered  with  a  very  moder- 
ate amount  of  epicardial  fat.  In  short,  the  whole  organ  is  absolutely 
normal.  After  the  removal  of  the  lungs  (the  apex  of  the  right  one 
showing  a  very  few  tubercles,  and  a  little  caseous  nodule  not  larger 
than  a  lentil),  it  is  seen  that  the  second,  fourth,  and  fifth  ribs  are 
fractured.  The  fracture  of  the  second  rib  is  found  to  be  7.5  cm. 
posterior  to  the  sternal  articulation,  that  of  the  fourth  one  9.0  cm., 
and  that  of  the  fifth  one  9.5  cm.  The  anterior  fragments  are  directed 
inwards.    The  fragments  of  the  fourth  and  fifth  ribs  are  very  sharp 
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and  are  surrounded  by  an  area  of  subpleural  blood  extravasation. 
However,  these  fragments  have  not  perforated  the  pleura  costalis. 
The  extravasated  blood  is  strictly  subpleural  and  no  free  blood  is 
found  on  the  surface  of  the  pleura.  The  vierus  appears  somewhat 
enlarged,  and  the  left  ovary  shows  a  fresh,  however  already  closed,  corpus 
luteum.  On  opening  the  uterine  cavity  a  little  hemorrhagic  mass, 
about  one-half  centimeter  or  less  in  diameter,  is  found  embedded  in  the 
mucosa  of  the  posterior  wall,  near  the  entrance  of  the  left  tube.  This 
mass  was  carefully  cut  out  and  placed  in  Zenker's  solution,  as  it  might 
be  a  very  young  ovum.    All  the  organs  of  the  body,  with  the  exception 


Fig.  4. 


of  the  apex  of  the  right  lung,  are  found  to  be  absolutely  normal.  They 
are  all  more  or  less  congested  with  dark  fluid  blood.  It  appears  clear 
that  the  woman  must  have  been  struck  at  the  side  of  her  body,  or  in 
the  back,  by  a  swiftly  moving  force.  This  force,  however,  did  not 
produce  any  signs  of  external  violence,  particularly  no  contusions, 
abrasions,  or  wounds.  The  force  traveled  through  the  soft  parts, 
and,  meeting  the  resistance  of  the  ribs,  fractured  them.  The  ante- 
rior sharp  frjigment  of  the  fourth  or  of  the  fifth  rib  was  evidently 
driven  into  the  wall  of  the  left  ventricle,  producing  a  complete  per- 
foration. A  highly  interesting  point  is  that  the  sharp  fragments 
neither  perforated  the  pleura  costalis  nor  the  parietal  layer  of  the 
pericardium.  Only  when  the  resistance  of  the  firm  wall  of  the  ven- 
tricle was  encountered  did  a  rupture  or  perforation  occur,  a  hemor-^ 
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rhage  took  place,  and  when  the  pericardium  was  completely  filled, 
and  the  myocardimn  much  compressed,  the  heart's  action  came  to  a 
sudden  standstill.    Death  occurred  from  syncope. 

Anaiomical  Diagnosis:  Fracture  of  the  second,  fourth,  and 
fifth  ribs  of  the  left  side.  Complete  perforation  of  the  wall  of  the  left 
ventricle.  Hemorrhage  into  the  pericardium.  Compression  of  the 
myocardium.    Beginning  tuberculosis  of  the  apex  of  the  right  lung. 

Microscopic  examination  of  the  myocardium  showed  it  to  be 
perfectly  normal. 


Fig.  5. 


To  this  history  simply  may  be  added  the  statement  that  it  was 
later  learned  through  the  police  reports  that  the  woman  had  indeed 
been  struck  by  the  swiftly-moving  shaft  of  a  small  carriage ;  that  she 
fell  forward,  got  up,  staggered,  fell  again,  and  was  dead  within  a  few 
minutes. 

The  small  piece  of  tissue  removed  from  the  uterus,  as  stated 
above,  was  placed  in  Zenker's  solution,  washed  in  running  water, 
and  was  then  embedded  in  paraflSn.  Since  our  facilities  for  cutting 
serial  sections  were  not  the  very  best  at  this  time  (July,  1904)  in 
Manila,  and  since  the  writer  was  then  engaged  in  the  study  of  bu- 
bonic plague,  a  few  sections  only  were  prepared,  and  the  bulk  of  the 
block  was  preserved  for  future  work.  From  the  few  sections  exam- 
ined, the  firm  impression  was  gained  that  the  uterine  mucosa  pre- 
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sented  the  picture  of  a  very  early  decidua,  with  cystic  hemorrhagic 
gland  spaces  of  the  type  of  those  of  the  Peters  ovum.  However,  the 
first  sections  did  not  show  either  a  tr^ce  of  the  trophoblast  nor  the 
cavity  of  the  ovum. 

On  June  15,  1907,  the  block  of  tissue  was  finally  divided,  and  I 
am  obliged  to  Dr.  Day,  pathologbt  in  the  Chicago  Laboratory  of  the 
Bureau  of  Animal  Industry,  for  assistance  in  preparing  a  complete 
series  of  sections.  The  individual  sections  are  all  seven  microns 
thick ;  in  all  they  number  303.  About  three  sections  were  lost  on  the 
microtome;  several  subsequently  floated  off  partly  or  entirely  from 
the  slides  during  the  process  of  staining  in  hematoxylin  and  eosin, 
but  fortunately  none  of  the  important  sections  were  lost. 


Fig.  6. 

The  ovum  was  found  in  the  sections  number  63  to  235;  the 
embryo  in  sections  142  to  164.  The  measurements  obtained  by 
micrometer  are  the  following: 

Measures  obtained  in  section  No.  163.  —  Ovum  (chorionic  cavity  — 
exocoelora):  Greatest  length,  2.326  mm.  Greatest  width,  0.804  mm. 
Greatest  thickness  (172  sections  at  7  microns  each),  1.204  mm. 

The  trophoblast  begins  to  show  in  section  No.  47,  and  ends  in 
section  No.  264.  Since  the  chorion  mesoderm  begins  to  show  in 
section  No.  63  and  ends  in  section  No.  235,  the  trophoblast  on  one 
pole  is  16  sections  or  112  microns  thick,  and  on  the  other  29  sections, 
or  203  microns.  In  section  150  the  trophoblast,  towards  the  muscu- 
laris,  is  a  little  over  one  millimeter  thick ;  towards  the  upper  surface, 
0.9  mm. 

The  general  shape  of  the  ovum  is  that  of  an  elliptical  body,  which 
is  lens-shaped  on  cross-section. 
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The  embryo  was  found  to  be  in  an  excellent  state  of  preservation, 
even  to  the  extent  of  the  presence  of  a  number  of  karyokinetic  figures 
in  the  ectoderm  shield  (Figs.  Sand  4  of  embryo;  sections  162  and  161 
of  the  whole  series).  On  the  whole,  the  embryonic  shield  had  the 
shape  of  a  boat  with  a  rounded  bow  at  the  cephalic  and  a  pointed 
stern  at  the  caudal  end.  The  cephalic  end  was  fii'st  seen  in  section 
164  (Fig.  1  of  embryo)  and  the  ectoderm  cells  of  the  caudal  end  of 
the  embryonic  shield  were  last  encountered  in  section  149.  Hence 
the  whole  length  of  the  embryonic  shield  proper  is  only  16  X  7  /i  = 
112  /A.    However,  the  mesoderm  at  the  caudal  end  of  the  embryonic 


Fig.  7. 

shield,  where  it  is  continuous  with  the  yolk  sac,  extends  as  a  thick- 
ened'mass  from  sections  150  to  143,  or  over  a  distance  of  eight  sec- 
tions, equal  in  all  to  56  M.  We  have  here  what  appears  an  extension 
of  tlie  shield-mesodcrm  beyond  the  shield-ectoderm  and  entoderm 
(mesoderm  **Voihof")  at  the  caudal  end  of  the  shield.  Including 
the  mesoderm  **Vorhof''  into  the  length  of  the  embryonic  shield,  the 
latter  extends  through  twenty-two  sections;  its  whole  length  there- 
fore is  22  X  7  M  =  154  /a. 

At  the  cephalic  end  the  three  germ  layers  form  three  concentric 
half  circles  (Sects.  3  to  8  of  the  embryo)  in  such  a  manner  that  the 
ectoderm  forms  the*  innermost  layer  and  the  entoderm  the  outermost 
layer.  The  concavity  of  the  shield  is  turned  towards  the  chorion 
mesoderm,  and  the  amnion,  likewise  directed  towards  the  chorion 
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mesoderm,  forms  with  the  embryonic  shield  (as  seen  in  transverse 
section)  an  almost  circular  amniotic  cavity.  However,  the  amnion  is 
not  complete  at  the  cephalic  end  because  its  two  lateral  wings  stop 
short  and  do  not  meet  in  the  median  sagittal  plane.  I  am  unable  to 
decide  whether  this  configuration  is  due  to  the  fact  that  the  amnion 
had  not  been  completed  in  the  median  sagittal  plane,  or  whether  in 
sectioning  the  embryo  some  shreds  of  amnion  at  the  cephalic  end  had 
been  torn  away. 


Fig.  8. 

The  first  section  (164)  has  hit  the  cephalic  end  in  a  tangential 
manner,  and  the  first  four  sections  (Sects.  1  to  4  Embryo)  do  not  show 
any  mesoderm,  but  ectoderm  and  entoderm  only.  On  section  5  of 
the  embryo  the  three  germ  layers  are  beautifully,  almost  diagrammati- 
cally,  shown.  It  appears,  therefore,  that  the  mesoderm  had  not  yet 
reached  the  very  margin  of  the  cephalic  end  and  that  the  amnion  here 
is  composed  of  an  inner  ectoderm  and  an  outer  entoderm  layer; 
hence  it  might  be  looked  upon  as  presenting  in  a  somewhat  rudi- 
mentary manner  the  pro-amnion  found  at  a  very  early  stage  in  cer- 
tain mammalian  embryos.  The  measurements  at  the  cephalic  end  of 
the  embryonic  shield  in  sections  4,  5,  and  6  in  the  dorso-ventral 
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diameter,  including  the  cavity  of  the  amnion,  are  from  225  to  250  /i. 
At  the  caudal  end  the  embryo  is  anchored  to  the  chorion  mesoderm 
by  a  powerful  allantoid  stalk.  The  latter  is  composed  externally  of 
mesoderm  and  is  traversed  by  a  rather  slender  somewhat  curved 
canal  of  entoderm  cells.  The  allantoid  stalk  has  not  at  all  the  shape 
of  a  vesicle,  but  of  a  conical  broad-based  mass  traversed  in  its  interior 
by  a  slender  entoderm  tube  or  canal.  The  measurements  of  section 
12  of  the  embryo  are  as  follows:  dorso-ventral  diameter,  including 
yolk-sac,  embryonic  shield  and  allantoid  stalk,  392  /x.    The  embry- 


FiG.  9. 

onic  shield  proper  is  here  quite  small  and  the  amniotic  cavity  has 
been  reduced  down  to  30  /a  dorso-ventral  diameter,  45  /a  lateral 
diameter.  Diameter  of  yolk-sac  about  150  fi;  lengtii  of  allantoid 
stalk,  180  fi. 

The  yolk-sac  entoderm  shows  first  in  section  No.  9  of  the  embryo. 
In  section  10  the  cavity  of  the  yolk-sac  is  lined  by  a  complete  distinct 
layer  of  entoderm  cells.  In  sections  9,  10,  and  11  of  the  embryo  the 
cavity  of  the  yolk-sac  is  quite  small  and  slit-like.  It  then  gradually 
increases  and  reaches  its  greatest  diameter  in  the  sections  containing 
the  caudal  end  of  the  embryonic  shield.    From  here  on  it  hangs  down 
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free  for  a  considerable  distance  into  the  exocoelom.  It  can  last  be 
seen  in  section  122.  Its  entoderm  and  mesoderm  layers  are  here  very 
distinct.  In  section  123  the  yolk-sac  is  not  seen  any  more,  nor  in  any 
of  the  following  sections.  It  must  have  extended  somewhat  beyond 
section  No.  122,  but  from  No.  123  on  it  has  been  lost  in  the  sections. 
The  yolk-sac  at  least  extended  through  thirty-four  and  probably 
through  forty  sections,  hence  its  greatest  sagittal  diameter  was  about 
250  to  300  M. 


Fig.  10. 

Around  the  allantoid  stalk  (Sects.  10  to  13)  where  its  mesoderm 
is  continuous  with  the  yolk-sac  mesoderm,  there  are  found  some 
solid  and  some  open  circular  masses  of  mesoderm  cells.  The  open 
rings  are  composed  of  three  to  five  mesoderm  cells ;  the  solid  round 
or  oval  cords  contain  a  larger  number  of  cells.  These  formations 
undoubtedly  represent  the  earliest  "anlage"  of  the  yolk-sac  blood 
vessels.  The  chorion  mesoderm  and  the  mesoderm,  where  it  extends 
somewhat  into  the  trophoblast,  do  not  yet  show  any  traces  of  blood- 
vessels. 

In  sections  9  to  12  there  is  an  opening  in  the  median  sagittal 
plane  of  the  embryonic  shield.  This  opening  is  perhaps  not  an 
artefact,  but  indicates  the  position  of  the  future  neurenteric  canal. 
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This  very  early  human  embryo  clearly  shows  that  the  h}'pothesis 
of  Spee,  Selenka,  and  Keibel  that  "Blattumkehr"  will  be  found  in 
the  human  embryo  is  correct,  and  borne  out  by  the  facts  as  described 
above. 

Selenka  (BioL  Centralbl.,  2,  p.  552)  has  defined  "Blattumkehr" 
in  monkeys  as  follows: 

"Uer  Embrvonalbezirks  .  .  .  ist  gezwungen  sich  .  .  .  im  In- 
nern  der  Keimblasse  einzustuelpen,  wobei  das  Entoderm  gur  kap- 
penartigen  Huelle  ausgeweitet  wird,  die  Keimblaetter  sind  daher  an 
dieser  Stelle  umgelagert,  umgekehrt,  invertirt." 


Fig.  11. 

In  our  embryo,  as  can  be  seen  so  well  in  the  cephalic  sections, 
Nos.  5  to  8,  and  in  fact  in  all  sections,  the  ectoderm  at  this  stage  is 
the  innermost,  the  entoderm  the  outermost  layer  of  the  embryonal 
shield.  The  question  arises.  Is  this  indeed  the  natural  position  or 
has  it  been  brought  about  artificially  during  the  process  of  fixation 
and  hardening  ?  The  history  of  the  case  from  which  our  embryo  was 
obtained  clearly  shows  that  we  have  every  reason  to  be  conn  need 
that  the  embryo  is  normal  and  free  from  any  material  post-mortem 
changes.  If  now  the  position  in  which  the  germ  layers  are  found 
would  be  due  to  a  post-mortem  artefact  we  would  expect  to  find 
what  is  now  the  innermost  cell  layer  of  the  ectoderm  in  a  crowded 
and  the  outermost  cell  layer  of  the  ectoderm  in  a  rarefied  condition, 
with  diastases  between  the  cells.    Such  a  condition  is  by  no  means 
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present,  but  the  cells  of  the  ectoderm,  which  are  found  two  to  three 
layers  deep,  are  all  arranged  very  naturally  and  without  any  dis- 
tortion at  all.  But  there  is  another  and  still  more  convincing  proof 
of  the  natural  conditions  as  presented  in  the  sections.  It  can  be 
clearly  seen  in  sections  12  to  14  (photomicrographs.  Figs.  8  and  9) 
that  the  ectoderm  shield  of  the  embryo  is  too  large  to  be  crowded 
into  the  amniotic  cavity,  which  is  here  very  small.  It  must  —  as  it 
does  —  turn  its  concavity  towards  the  small  amniotic  cavity,  and 
could  not,  if  in  a  convex  position,  be  crowded  into  the  amniotic  cav- 
ity. So  the  conditions  and  relations  towards  the  caudal  end  unmis- 
takably and  beyond  doubt  show  that  the  arrangement  of  the  germ 
layers,  as  shown  in  the  sections  of  the  embryo,  must  have  been  pr^- 
ent  ante-mortem  and  cannot  possibly  be  a  post-mortem  artefact. 

Hence  it  can  now  be  considered  an  established  fact  that  **Blatt- 
umkehr"  occurs  in  the  human  embryo  at  such  an  early  stage  of 
development  as  is  represented  by  our  specimen. 

The  mesoderm  of  the  chorion  presents  the  same  general  ap- 
pearances as  in  the  Peters  ovum,  including  the  formation  of  teat-like 
projections.  The  trophoblast  is  likewise,  on  the  whole,  the  same; 
if  different  in  size  at  all,  more  powerfully  developed. 

In  one  respect  the  ovum  under  discussion  differs  somewhat  from 
the  Peters  ovum.  It  is  not  covered  by  a  mushroom-like  blood  and 
fibrin  coagulum  (Peters'  Gewebspilz).  And  yet  it  is  not  entirely 
separated  by  a  complete  capsularis  from  the  uterine  cavity.  If  one 
studies  the  sections  before  the  trophoblast  is  reached,  one  sees  in  the 
mucosa  an  irregularly-round,  open  space,  surrounded  by  a  degener- 
ated tissue,  composed  of  decidual  cells  and  fibrin,  and  filled  more  or 
less  with  blood.  It  is  clear  that  we  have  here  a  canal  through  which 
the  ovum  has  eaten  its  way  into  the  interior  of  the  mucosa.  Where 
the  trophoblast  shell,  but  not  yet  the  cavity  of  the  ovum  (exocoelom), 
is  first  seen  in  the  serial  sections,  there  is  already  a  very  narrow  de- 
cidua  capsularis.  However,  we  then  again  meet  sections  where  the 
capsularis  is  partly  replaced  by  a  blood-fibrin  coagulum.  One  can 
see  here  and  there  how  the  thin  capsularis  has  been  damaged  by  the 
trophoblast,  and  how  the  latter  has  produced  hyaline  degeneration 
of  decidual  cells  and  a  deposit  of  fibrin.  In  examining  these  sections 
it  b  clear  that  the  ovum  has  eaten  its  way  obliquely  into  the  mucosa 
and  has  kept  in  its  course  very  near  the  surface. 

The  uterine  glands  in  the  neighborhood  of  the  ovum  exhibit  the 
picture  of  a  profound  endometritis  glandularis  hypertrophica.  The 
gland  spaces  are  enlarged,  the  basement  membrane  carrying  the 
epithelium  shows  papillary  septa  and  projections.  The  most  pro- 
found changes  are  found  in  the  glands  directly  under  the  ovum. 
These  have  been  changed  to  thin-walled  cystic  spaces,  densely  filled 
with  blood,  which  frequently  shows  the  evidences  of  coagulation 
(fibrin  deposits).     At  some  distance  from  the  ovum,  towards  the 
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surface,  the  mucosa  begins  to  show  a  diflFerentiation  into  a  compacta, 
in  that  we  see  the  characteristic  more  solid  septa  with  their  tortuous 
arteries.  Around  the  ovum  numerous  enlarged  gland  openings  are 
seen.  The  glandular  epithelium,  except  in  the  cystic  hemorrhagic 
glands,  is  generally  well  preserved. 

The  trophoblast  in  our  case  in  its  general  appearance  and  arrange- 
ment is  like  the  same  structure  in  the  Peters  ovum.  The  same  cell 
masses,  the  same  type  of  cells,  the  same  arrangement  of  the  extensive 
material  blood  spaces  in  the  irregularly  honeycombed  trophoblast; 
the  syncytium  likewise,  on  the  whole,  is  as  -described  and  depicted 
by  Peters.  However,  we  must  say  that  we  found  nowhere  any  changes 
or  formations  in  the  maternal  blood  or  in  the  syncytium  which  might 
possibly  suggest  that  the  former  takes  part  in  any  way,  shape,  or 
form  in  the  formation  of  the  latter. 

We  cannot  conclude  this  report  without  pointing  out  what  we 
might  call  the  pathologic  aspect  of  the  early  stages  of  placentation  in 
man.  The  proliferation  of  the  trophoblast,  the  manner  in  which  it 
invades  the  maternal  organism,  pushing  aside,  destroying,  and  chang- 
ing maternal  tissue  elements,  vascular  and  other  structures,  is  the 
exact  picture  of  malignant  tumor  proliferation,  while  the  reaction  of 
the  maternal  tissue,  taken  for  itself  alone,  reminds  one  forcibly  of  a 
profound  destructive  hemorrhagic  inflammation.  It  is  very  striking 
to  the  pathologist  to  behold  in  early  placentation  in  the  apparatus  and 
the  phenomena  which  enable  the  young  ovum  to  anchor  and  implant 
itself  firmly  into  the  maternal  organism,  the  very  paradigma  of  two 
such  important  pathologic  processes  as  malignant  tumor  growth  and 
hemorrhagic  inflammation. 

The  term  trophoblast  has  been  given  by  Hubrecht  to  the  extra- 
embryonic ectoblast  shell  under  the  impression  that  it  had  to  do  a 
good  deal  with  the  nutrition  of  the  early  embryo.  We  doubt,  how- 
ever, that  this  is  the  case.  The  mass  of  the  trophoblast  in  our  case  is 
certainly  many  thousand  times  that  of  the  embryo.  It  does  not  stand 
to  reason  to  assume  that  nature  in  the  phylogenetic  development 
would  provide,  so  to  speak,  at  an  enormous  expense,  a  very  large 
apparatus  for  the  nutrition  of  a  very  small  embryo.  It  appears  more 
reasonable  to  assume  that  the  trophoblast  with  its  great  proliferative 
energy,  which  we  have  likened  to  the  growth  of  a  malignant  tumor, 
has  more  exclusively  the  function  to  provide  the  means  for  the  em- 
bryo to  safely  implant  itself  at  the  very  earliest  date  into  the  maternal 
tissues.  The  reaction  of  the  maternal  tissues  in  contact  with  the  pro- 
liferating trophoblast  must  not  be  looked  upon  as  due  to  mechanical 
causes  only,  but  to  the  fermentative  action  of  enzymes  secreted  by  the 
trophoblast  cells  and  diffused  into  the  neighboring  maternal  tissues. 

When  the  above  paper,  illustrated  by  forty  lantern  slides,  was 
read  in  Boston,  Mass.,  August  20,  1907,  before  the  Section  on  Em- 
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bryology  of  the  Seventh  International  Zoological  Congress,  Professor 
A.  A.  W.  Hubrecht,  the  chairman  of  the  section  in  the  discussion  of 
the  paper  called  attention  to  a  misconception  of  the  writer  as  to  cer- 
tain relations  of  the  amnion  and  yolk-sac.  It  is  needless  to  say  that 
the  conception  of  Professor  Hubrecht  proved  to  be  the  correct  one. 
This  necessitated  on  the  part  of  the  author  a  careful  reexamination 
of  the  sections  and  some  changes  in  the  lettering  of  the  drawings,  and 
also  some  changes  in  the  MS. 

Professor  C.  S.  Minot  kindly  placed  at  my  disposal  his  laboratory 
and  his  library  to  enable  me  to  make  the  necessary  reexaminations 
and  changes-  To  him  as  also  to  Professor  F.  T.  Lewis,  I  am  under 
obligatioas  for  the  great  kindness  shown  on  this  occasion,  for  the  in- 
terest taken  in  this  work,  and  for  assistance  extended  in  the  most 
obliging  manner. 


The  photomicrographs  illustrating  this  report  were  prepared  under  my 
direction  by  Mr.  F.  T.  Harmon,  Chicago. 

Fig.  1.  —  From  a  section  outside  of  the  ovum,  showing  early  decidual  changes, 
enlarged  glands,  and  gland  spaces  containing  blood.  Zeiss  Planar,  No.  2,  x  15 
diam. 

Fig.  2.  —  From  the  same  set  of  sections,  showing  a  septum  with  several  trans- 
verse cuts  of  a  tortuous  (corkscrew)  artery.  Zeiss  Apochr.,  16  mm.  Proj. 
occ.,  No.  4,  X  100  diam. 

Fig.  3.  —  From  the  same  set  of  sections.  Showing  margin  of  mucosa  with  be- 
ginning compacta  formation  and  surface  opemng  of  gland.  Zeiss  Apochr., 
16  mm.    Proj.  occ.  No.  4,  x  100  diam. 

Fig.  4.  —  From  section  No.  252.  Showing  the  trophoblast  shell  to  the  outside 
of  the  chorionic  mesoderm.    Zeiss  Planar,  No.  2,  x  15  diam. 

Fig.  5.  —  From  section  No.  248.  Showing  trophoblast  shell,  with  its  syncytium, 
more  highly  magnified.  Zeiss  Apochr.,  16  mm.  Proj.  eye-piece,  No.  4,  x 
100  diam. 

Fig.  6.  —  Section  No.  190.  Showing  the  ovum  and  surrounding  decidua.  Zeiss 
Planar,  No.  2,  x  15  diam. 

Fig.  7.  — Section  No.  153.  Showing  ovum  and  embryo,  the  latter  inserted  by 
the  allantoid  stalk  into  the  chorion.    Zeiss  Planar,  No.  1,  x  29  diam. 

Fig.  8. — Section  No.  153.  Showing  embryonic  shield  more  highly  magnified. 
Zeiss  Apochr.,  16  mm.    Comp.  occ..  No.  6,  x  160  diam. 

Fig.  9.  —  Section  No.  152.  Showing  embryonic  shield  and  the  duct  of  the  allan- 
tois  cut  transversely.    Zeiss  Apochr.,  16  mm.    Comp.  occ..  No.  6,  x  160  diam. 

Fig.  10.  —  Section  No.  158.  Showing  embryonic  shield  at  cephalic  portion. 
Zeiss  Apochr.,  16  mm.     Comp.  occ..  No.  6,  x  160  diam. 

Fig.  11.  —  Tracing  from  enlarged  photomicrograph  No.  7  with  diagrammatic 
indications  of  the  details : 

C.  A.     Cavity  of  amnion  Tr,  Trophoblast 

iS.  y .     Yolk-sac  M.  B.  S.   Maternal  blood  sinus 

E.  S.     (Extod.)  Ectoderm  shield       D.  C.         Decidua  capsularis 

of  Embryo  Bl.  C.        Blood  coagulum  at  base  of  ovum 

All,  S.  Allantoid  stalk  F.  Strips  of  fibrin  with  leucocytes 
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LES  RELATIONS  ENTRE  LES  FAUNES  HEMIPTERO- 
LOGIQUES  DE  L'EUROPE  ET  DE  L'AMERIQUE  DU 
NORD 

(Address) 

G.  horvAth 

Messieurs,  C'est  la  premiere  fois,  que  nous,  zoologistes  europ^ns, 
grace  a  ce  Septifeme  Congr^  International  de  Zoologie  avons  Thonneur 
de  saluer  nos  collogues  am^ricains  sur  le  sol  du  Nouveau  Monde.  Et 
plus  particuli^rement  nous,  entomologistes  europ^ns,  saisissons  avec 
empressement  cette  occasion  pour  exprimer  nos  sincferes  sympathies 
aux  dignes  successeurs  de  Say,  Harris,  Fitch,  Leconte,  G.  Horn,  Riley 
et  tous  les  illustres  etomologistes  am^ricains  qui  ont  travaill^  dans 
cette  branche  de  la  zoologie,  qui  nous  est  chfere. 

Dans  ma  propre  sp^ialit^,  je  ne  saurais  printer  a  cette  savante 
reunion,  un  sujet  plus  appropri^  que  les  relations  existant  entre  les 
faunes  h^mipt^rologiques  de  TEurope  et  de  TAm^rique  du  Nord. 
Ce  sujet  me  paratt  le  plus  convenable  en  cette  occasion,  car  il  peut 
interesser  ^galement  les  entomologistes  r^sidant  des  deux  c6t^  de 
TAtlantique. 

On  a  remarqu^  depuis  longtemps  la  grande  ressemblance  qui 
existe  entre  les  faunes  terrestres  de  TEurope  et  de  TAm^rique  du  Nonl ; 
elle  a  6t6  signals  d^ja  par  les  premiers  auteurs  qui  se  sont  occup^s 
de  la  faune  de  T Am^rique  septentrionale.  Cette  ressemblance  que  Ton 
retrouve  dans  tous  les  groupes  du  R^gne  animal,  ne  reste  pas  limits 
a  un  certain  parall^lisme  de  genres  et  d'esp^es  voisines,  mais  se  mani- 
feste  souvent  par  la  prince  de  genres  et  meme  d'esp^es  absolument 
identiques. 

Grace  aux  nombreux  travaux  publics  jusqu'a  pr&ent  sur  la  faune 
terrestre  de  TAm^rique  du  Nord,  on  peut  d^ja  tenter  une  premiere 
^tude  comparative  sur  ces  deux  faunes.  Mab  dans  une  semblable 
^tude  on  ne  saurait  se  borner  uniquement  aux  travaux  et  aux  m^moires 
publics,  il  faut  aussi  ^tudier  et  connattre  les  animaux  m^mes  dont  il 
s'agit.  Sans  une  ^tude  critique  des  types  communs  ou  r^putfe  tels  on 
arriverait  facilement  a  des  conclusions  erron^s. 
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C'est  ainsi  que  les  auteurs  ont  d^rit  comme  distinctes  beaucoup 
de  formes  am^ricaines  reconnues  aujourd'hui  comme  parfaitement 
semblables  a  eelles  d'Europe  et  que  d'autre  part  on  a  identifi^  aux 
esp^ces  europdemies  toute  une  s^rie  d'espfeces  am^ricaines  qui  sont  au 
contraire  r^Uement  bien  distinctes. 

Dans  les  recherches  que  j'ai  entreprises  sur  les  relations  entre 
les  faunes  h^mipt^rologiques  de  TEurope  et  de  FAm^rique  du  Nord,  je 
ne  pouvais  done  pas  me  contenter  des  indications  fournies  par  les 
travaux  public  sur  ces  deux  faunes,  et  j'ai  d(i  soumettre,  autant  que 
possible,  a  un  examen  critique  et  s^rieux  toutes  les  esp^ces  qui  avaient 
6t6  signals  comme  habitant  sur  les  deux  c6t^s  de  TAtlantique,  ainsi 
que  toutes  les  formes  am^ricaines  plus  ou  moins  rapproch^  de  eelles 
d'Europe. 

Pour  completer  mon  travail,  j*ai  aussi  dft  soumettre  k  une  pareille 
^tude  les  genres  communs  ou  r^put^s  communs  aux  deux  continents. 

II  r&ulte  de  ces  recherches  que,  actuellement,  on  connatt  161 
espfeces  et  261  genres  d'H^miptferes  europ^o-am^ricains. 

Je  m'empresse  cependant  d'ajouter  que  ce  chiffre  ne  comprend 
pas  les  espfeces  imports  accidentellement  d'un  continent  k  Tautre,  non 
plus  que  eelles  vivant  sur  les  plantes  de  serres.  A  mon  avis,  les  espies 
imports  accidentellement  ou  vivant  dans  les  serres  ne  sauraient  etre 
consid^r^  comme  appartenant  r^Uement  a  la  faune  d'une  region  ou 
elles  sont  incapables  de  s'acclimater  et  de  se  propager  dans  les  con- 
ditions naturelles  du  pays.  Elles  rentrent  a  peu  prfes  dans  la  meme 
categoric  que  les  animaux  exotiques  conserves  dans  nos  jardins  zoo- 
logiques.  * 

ll  n*en  est  pas  de  meme  pour  les  espfeces  qui  ont  6t4  ^galement 
imports  par  i' homme,  mais  qui  se  sont  parfaitement  naturalises 
dans  leur  patrie  nouvelle,  en  y  vivant,  s'y  multipliant  et  s'y  propageant 
dans  la  libre  nature.  Elles  sont  devenues  ainsi  des  membres  legitimes 
de  la  faune  du  pays  ou  elles  ont  6t6  introduites. 

La  liste  des  H^miptferes  imports  d'Europe  dans  TAm^rique  du 
Nord  et  vice  versa  comprend  —  d'aprfes  mes  l-echerches  —  k  peine  une 
trentaine  d'espfeces,  savoir: 

Reduvvas  persotuitus  L.  Aphis  pruni  Koch 

Clinocoris  lechUarius  L.  Eriosoma  laniaerum  Hausm. 

Psyllia  vyricola  Frst.  Phylloxera  vitifoliae  Fitch  (vastatrix 
Psyllia  ouod  L.  Planch.) 

Macrosiphum  rosae  L.  Pulvinaria  vitis  L. 

Macrostphum  rubi  Kalt.  Lichtensia  vibumi  Sign. 

Phorodan  hurmili  Schrk.  Eulecanium  pyri  Schrk. 

Myzus  ceraai  Fabr.  Eulecanium  prunastri  Boy. 

Myzus  tetrarhoda  Walk.  Eulecanium  persicae  Fabr. 

Myzus  ribis  L.  Eulecanium  ribis  Fitch 

Aphis  brassicae  L.  Eulecanium  rugosum  Sign. 

Aphis  rnali  Fabr.  Eulecanium  bituberculatum  Targ. 
Aphis  sorbi  Kalt.  {malifcliae  Fitch)  Saissetia  oleae  Burm. 
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Diaspis.carueli  Targ.  Aspidiotus  britannicus  Newst. 

Aulacasfia  rosae  Bouch^  Aspidiotus     hederae     Vail,      (nerii 

Pinnaspis  buxi  Bouch^  5ouch^) 

Epidiaspis  piricola  Guercio  Lepidosaphes  tUmi  L.  (pomorum  L.) 
Aspidiotiis  ostreaeformis  Curt. 

En  examinant  cette  liste,  deux  faits  peuvent,  au  premier  aboid, 
attirer  notre  attention. 

On  remarquera  que  toutes  les  esp^ees  imports  —  sauf  nos  deux 
co-Iocataires,  le  R^uve  masqu^  {Reduvius  personcUiLs)  et  la  Punaise 
des  lits  (Clinocoris  lectiUarius)  —  sont  phytophages  et  vivent  sur  les 
plantes  cultiv^s  avec  lesquelles  elles  ont  6t6  transports.  Elles  pr^ 
sentent  par  cons^uent  un  grand  int^ret  au  point  de  vue  de  la  zoologie 
agricole  et  sont  plus  ou  moins  nuisibles. 

L'autre  fait  int^ressant  que  Ton  peut  constater  aussi,  c'est  que 
rAm^rique  a  re9u  beaueoup  plus  d'espfeces  de  TEurope  que  celle-ci  de 
TAm^rique.  Les  H^mipt^res  europlens  imports  en  Amerique  at- 
teignent  le  chiflFre  de  31  espfeces  tandis  que  rAm^rique  n'a  foumi  a 
TEurope  que  deux  Aphidiens  nuisibles  qui  sont  le  Pueeron  lanigfere 
(Eriosoma  lanigerum)  et  le  Phylloxera  de  la  vigne  {Phylloxera 
vitifoliae), 

II  est  encore  a  noter  que  les  H^miptferes  imports  appartiennent  — 
sauf  les  deux  carnassiers  susmentionn^  (Reduvius  personatuSy  Clino^ 
coris  lectvlarivs)  —  aux  Psyllides,  aux  Aphidiens  et  aux  Coccidiens, 
c'est  a  dire  a  trois  families  dont  les  espfeces  sont,  pendant  leur  existence, 
le  plus  ^troitement  attache  k  Igur  plante  nourricifere. 

Les  auteurs  am^ricains  indiquent  ordinairement  un  plus  grand 
chiflFre  pour  les  H^miptferes  imports  d'Europe.  La  raison  en  est, 
d'une  part,  qu'ils  y  ajoutent  aussi  les  espfeces  vivant  dans  les  serres. 
D'autre  part  quelques  espfeces  sont  considers  comme  import^es, 
uniquement  parcequ'elles  ont  €i€  d^ouvertes  en  Amerique  plus  tard 
qu'en  Europe.  Cependant  il  est  impossible  d'admettre  que  les  Puce- 
rons  europ^am^ricains  qui  vivent  p.  ex.  sur  leis  C^r^les,  y  ont  €t6 
introduits  d'Europe  avec  les  grains.  C'est  le  meme  cas  pour  les 
Aphidiens  et  les  Coccidiens  du  pob,  du  noyer,  du  noisetier  et  de 
toutes  les  plantes  qui  ont  €t€  introduites  d'un  continent  a  I'autre  sous 
forme  de  semences  et  non  sous  forme  de  boutures.* 

On  ne  peut  consid^rer  comme  import^es  les  espfeces  dont  les 
plantes  nourriciferes  n'ont  jamais  fait  I'objet  d'importations,  comme  le 

*  VEvlecanium  robiniarum  Dougl.  d^rit  de  TEurcpe  et  si  r^pandu  dans 
Quelques  pays  europ^ns  (p.  ex.  en  Hongrie)  est  indiqu^  dans  le  Catalc^e  g^n^ral 
aes  (Joccides  de  M.  E.  Femald  comme  habitant  aussi  New  Mexico.  11  est  cepen- 
dant de  toute  Evidence  que  ce  Coccidien  n'est  pas  arriv6  en  Europe  avec  la  RMnia 
pseudoacacia  dont  rimfK)rtation  a  eu  lieu  au  moyen  des  graines.  C'est  bien  un 
insecte  d'origine  europ^nne  et  je  partage  tout  4  fait  Topinion  de  Mr.  T.  D.  A. 
Cockerell  {The  Entornologist,  1902,  p.  178)  lorsquHl  dit  que  Tesp^ce  si^nal^  sous 
le  nom  Eulecanium  robiniarum  du  sud-ouest  des  £!tats-Unis  n'est  pas  identique  k 
Tespdce  de  Douglas. 
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saule,  Tormeau  et  les  Conifferes  d'Europe.  L'existence  simultan^  de 
ces  espfeces  sur  les  deux  continents  me  paratt  devoir  etre  expliqu^ 
d'une  autre  manifere.     J'y  reviendrai  plUs  tard. 

II  est  souvent  bien  difficile,  sinon  impossible,  de  connaftre  sdre- 
ment  la  patrie  d'origine  d'une  espfece  import^  et  par  quelle  voie  elle 
est  arriv^  dans  son  nouvel  habitat.  Ainsi  il  paratt  que  TAm^rique  a 
re^u  trfes  indirectement  quelques  espiees  europdennes,  comme  le  dit 
notre  excellent  collfegue,  Mr.  L.  O.  Howard  (Scale  Insects  of  the  Or- 
chard,  1895,  p.  262)  au  sujet  de  VAspidiotiLs  rapax  Comst.,  qui  lui 
paratt  originaire  de  TEurope  m^ridionale,  et  qui  a  6t6  imports  aux 
fitats-Unis  non  directement  d'Europe,  mais  de  TAustralie  et  de  la 
Nouvelle-Z^lande,  d'oii  ce  Gxxjidien  nuisible  a  6t6  introduit  d'abord 
en  Califomie  et  de  Ik  s'est  r^pandu  dans  les  autres  parties  des  fitats- 
Unis. 

On  trouve  parmi  les  H^miptferes  importfe  5  espfeces  dont  les  genres 
n'avaient  pas  de  repr&entants,  avant  leur  importation,  dans  le  con- 
tinent respectif .  C'est  ainsi  que  la  faune  de  TAm^rique  du  Nord  s'est 
enrichie  de  4  genres  de  Gxxjidiens  (Saissetia  Depl.,  Aulacaspis  CklL, 
Pinnaspis  CklL,  Epidiaspis  Ckll.)  et  celle  de  rEurope  d'un  genre 
d'Aphidiens  (Eriosoma  Sam.  —  Myzoxylus  Blot). 

Arrivons  maintenant  aux  H^ip^res  europ^am^ricains  qui 
doivent  leur  existence  sur  les  deux  c6t^s  de  TOc^an  Atlantique, 
non  a  une  importation  artificielle,  mais  k  une  dispersion  naturelle. 

On  connait  jusqu'ii  present,  comme  telles,  128  espies  communes 
aux  deux  continents  ^  dont  59  H^t^roptferes '  et  69  Homoptferes : 

Hirr^ROPTkREs 

Sciocoris  microphthalmfus  Flor  Harpactor  leucospiltts  StAI. 

Nezara  viridula  L.  Reduvidus  flavomarginatus  Scholz 

Zicrona  coerulea  L.  Reduviolus  limbaius  Dahlb. 

Corizus  crassicomis  L.  Reduviolus  capsiformis  Germ. 

Corizus  hyalinus  Fabr.  Reduviolus  ferus  L. 

Nysius  thymi  Wolff  Reduviolus  tnscriptus  Kirby  (boreellus 
Nysius  encae  Schill.  Reut.) 

Ischnorhynchus  resedae  Panz.  Acanthia  littoralis'  L. 

Ligyrocoris  sylvestris  L.  Acanthia  opacvJa  Zett. 

Styanocoris  rusticus  Fall.  Acanthia  pallipes  Fabr. 

Sphragisticus  nebulosus  Fall.  Acanthia  xanthochila  Fieb. 

Scolopostethus  thomsoni  Reut.  Lvctocoris  campestris  Fabr. 

Aradus  crenatus  Say  Aylocoris  galactinus  Fieb. 

Aradus  lugubris  Fall.  DujourieUus  ater  Duf. 

Aradus  cinnamomeus  Panz.  Stenodema  trispinosum  Reut. 

Gerris  rufoscutellaius  Latr.  Stenodema  virens  L. 

^  Le  nombre  total  dee  esp^ces  communes,  y  compris  les  imports,  est  de  161. 

'  Je  dois  remercier  cordialement  mon  ami,  le  Prof.  O.  M.  Keuter,  d'Helsing- 
fors,  qui  a  bien  voulu  me  signaler  Tidentit^  de  plusieurs  Capsides  pal^arctiques  et 
n^arctiques. 
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Trigonotyltts  ruficamis  G^oflfr. 
Trignotylus  brevipes  Jak.  {tenuis 

Reut.) 
Teratocoris  herbaticus  Uhl. 
Teratocoris  saundersi  D.  S. 
Miris  dolabratus  L. 
Miris  ferrugatus  Fall. 
Monalocaris  filicis  L. 
Calocoris  bipundatus  Fabr. 
Stenotus  binotatua  Fabr. 
Lygus  pabulintis  L. 
Lygtis  viridis  Fall. 
LygiLS  apicalis  Fieb. 
Lygtis  praiensis  L. 
Zv^n^^  pastinacae  Fall.  (seutelhUtM 

Uhl.) 


iygruj  rubicundus  Fall,  (pulverulenr 

tus  Uhl.) 
Poeciloscytus  "unifasdatus  Fabr. 
Deraeocoris  ruber  L. 
Capsus  ater  L. 
Pilophorus  clavatus  L. 
Orthotylua  chLorionia  Say 
Lopus  decolor  Fall. 
Pscdlv^    ancorifer    Fieb.     (robuHus 

Uhl.) 
Chlamydaius  ptdicarius  Fall. 
Neocoris  bohemarii  Fall. 
Campylomma  verbasd  H.-Sch. 
Notonecta  ItUea  MuU. 
Corixa  germari  Fieb. 
Corixa  praeusta  Fieb. 


HOMOPTJIRES 


Alebra  albostrieUa  Fall. 
Cicadula  smaragdula  Fall. 
Cicadula  flavescens  Fabr. 
Dicraneura  fieberi  Low. 
Empoa  rosae  L. 
Empoa  lethierryi  Edw. 
Empoa  ulmi  L. 
Empoa  tenerrima  H.-Seh. 
Baklutha  punctata  Fall. 
Macrosteles  fasciifrons  StAl. 
Macrosteles  seocnotata  Fall. 
Macrosteles  punctifrons  Fall. 
Macrosteles  variaia  Fall. 
Limotettix  striola  Fall. 
Euscelis  striatula  Fall. 
Euscelis  obsoleta  Kirschb. 
DeltocephaJus  abdominalis  Fabr. 
DeUocephalus  livideUus  Zett. 
Deltocephalus  pas&ueUus  Fall. 
Strongylocephalus  agrestis  Fall. 
Aphrodes  nervosus  Schrk. 
Aphrodes  albifrons  L. 
Aphrodes  fuscofasciatus  Groeze 
Aphrodes  rhularis  Genn. 
Euacanthus  acuminatus  Fabr.  (or- 

Wto/w  Fitch) 
Macropsis  virescens  Fabr. 
Philaenus  leucophthalmus  L.  («ptt- 

marius  auct.) 
Megamelus  notula  Germ. 
LUmmia  peUucida  Fabr. 


Libumia  obscurella  Boh. 
AchorotUe  albosignata  Dahlb. 
Aphalara  calthae  L. 
Aphalara  exilis  Web.  Mohr. 
Psyllopsis  fraxinicola  Frst. 
Trioza  cJbtverttris  Frst. 
Trioza  urticae  L. 
Macrosiphum  cereale  Kalt. 
Macrosiphum  granarium  Buckt. 
Macrosiphum  pisi  Kalt. 
Macrosiphum  sonchi  L. 
Rhopalosiphum  lactucae  Kalt. 
Rhopcdosiphum  berberidis  Kalt. 
Myzus  coryli  Goeze 
Hyalopterus  arundinis  Fabr. 
Toxoptera  graminum  Rond. 
Aphis  cardui  L. 
Aphis  rumicis  L. 
Aphis  atrijAicis  L. 
Aphis  meaicaginis  Koch 
Hyadaphis  foeniciUi  Pass. 
Hyadaphis  padi  L.  (atwioe  Fabr.) 
Pterocomma  pojntka  Kalt. 
Melanoxanthenum  salicis  L. 
Chaitophorus  aceris  L. 
Callivterus  punctipennis  Zett 
Phyuaphis  japi  L. 
Lachnus  viminalis  Boy. 
^noecia  comi  Fabr. 
Tetraneura  gallarum  vJmi  De  Geer. 
Adelges  abietis  L. 
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Orthezia  cataphrcuia  Shaw  Aspidiotus  abietU  Schrk. 

AsteroUcanium  quercicola  Bouch6.  Oossyparia  sjouria  Modeer  (tdmi  L.) 

Asterolecanium  variolosum  Ratzb.  EtUemnium  juglandis  Boudi^ 

Kermes  ^uercua  L.  EtUecanium  capreae  L. 
Eriopeltis  Jestucae  Boy. 

En  examinant  cette  liste,  on  remarque  que  la  grande  majority  de 
ces  esp^ces,  appartient  k  la  faune  de  TEurope  temp^r^  ou  septentrio- 
nale.^  Seulement  6  esp^ces  habitent  ^galement  TEurope  m^ridionale 
et  les  parties  m^dionales  des  £tats-Unis.  Je  parlerai  plus  tard  de 
celles-ci. 

Occupons  nous  d'abord  des  122  autres  espfeees. 

Une  des  plus  int^ressantes  questions  de  la  zoog^graphie  eonsiste 
k  lechercher  Vexplication  de  Texistence  simultan^  des  m^mes  esp^ces 
en  Europe  et  dans  TAm^rique  septentrionale.  L'importation  arti- 
ficielle  de  toutes  ces  espfeees  est  inadmissible,  leur  propagation  ne  s'est 
done  produite  que  par  la  voie  naturelle. 

Je  ne  veux  pas  exposer  et  discuter  ici  les  diflf^rentes  hypothfeses 
qui  ont  ^t^  ^mises  pour  expliquer  ee  ph^nomfene.  Mais  il  me  paratt 
bien  certain  que  nous  n'avons  nuUement  besoin,  pour  le  comprendre, 
de  recourir  a  la  supposition  de  Texistence  d'un  ancien  continent  qui 
aurait  reli^  autrefois  TEurope  et  TAm^ique  du  Nord.  L'hypothfese 
que  le  climat  des  regions  arctiques  ^tait  autrefois  beaucoup  plus 
temp^r^  et  que  la  dispersion  des  espfeees  europ^o-am^ricaines  s'est 
effectu^  par  Tinterm^aire  des  ties  bor^es,  Islande  et  Groenland 
ne  me  paratt  pas  non  plus  n^cessaire. 

La  repartition  g^graphique  actuelle  de  ces  espfeees  peut  nous 
servir  de  guide  et  su£St,  je  crois,  pour  expliquer  leur  existence  simul- 
tan^  en  Europe  et  en  Am^rique.  Toutes  ces  espfeees  communes,  ou  k 
peu  prfes  toutes,  habitent  non  seulement  TEurope  et  TAm^rique  du 
Nord,  mais  aussi  T Asie  septentrionale ;  elles  sont  r^pandues  dans  toute 
la  region  pal^arctique.  Cela  prouve  ^videnmient  que  leur  migration 
et  leur  Change  r^iproque  n'a  pas  eu  lieu  par  TOc^n  Atlantique, 
mais  bien  par  le  d^troit  de  Behnng. 

n  faut  avouer  qu'une  partie  ae  ces  espfeees  communes  n'a  pas 
encore  ^t^  signals  de  I'Asie  septentrionale;  mais  il  n'y  a  nul  doute 
que  lorsque  la  Sib6ie  sera  mieux  explorfe,  on  les  y  d^uvrira  Ele- 
ment 

La  supposition  d'une  telle  migration  par  le  d^troit  de  Behring  — 
qui  se  fait  peut-etre  encore  de  nos  jours  —  est  confirm^  aussi  par  le 
fait  que  quelques  espfeees  pal^rctiques  (Harpactor  levcospiliLs  St&l, 
Stenodema  virens  FaU.,  Miris  ferrugattis  Fall.,  Notoneda  lutsa  Miill., 
Macrosteles  fasciifrons  Stdl,  Pierocomma  popiUea  Kalt.)  n'ont  6t6 
trouv6es  jusqu'a  pr^nt  que  dans  Textreme  nord-ouest  de  rAm^rique 

^  Le  mfyne  fait  a  iit6  constats  pour  les  Coltopt^res  europ^o-am^ricains  par  M. 
A.  Fauvel.    (Revue  d'ErUamdogie,  VIII.,  1889,  p.  172.) 


Digitized  by 


Google 


566       Vn.  INTERNATIONAL  ZOOLOGICAL  CONGRESS 

septentrionale.^  D'autre  part  le  Galeatus  peckhami  Ashm.,  esp^ce 
n^arctique,  n'a  p^n^tr^  dans  la  region  pal^arctique  que  jusqu'au 
Japon.  Le  Stenodema  trispinosum  Reut.  qui  habite  TAm^rique  du 
Nord  et  toute  TAsie  septentrionale,  n'a  6t6  observe  en  Europe  qu'en 
Russie.  II  y  a  aussi  quelques  espfeces  dont  Taire  de  dispersion  est 
limits  a  Textreme  nord-ouest  de  TAm^rique  et  a  Textreme  nord-est 
de  TAsie;  telles  sont:  Irbisia  sericans  Stal,  Cicadida  {Chlorita)  pura 
Stal,  Dicraneura  cameola  Stal  et  Empoa  commissuralis  St^l. 

Cependant  lesespfeces  europdennes:  Deltocephalus  lividellus  Zett, 
Callipterus  punctipennis  Zett.  et  Ortkezia  cataphrada  Shaw  ne  sont 
conniies  du  Nouveau  Monde  qu'au  Groenland;  et,  le  Teratocoris 
herbatictuf  Uhl.,  esp^ce  nordam^ricaine,  vient  d'etre  d^ouvert  dans  la 
Norvfege  arctique,  et  a  priori  ees  constatations  sembleraient  en  con- 
tradiction avec  rid^  d'une  migration  par  le  d^troit  de  Behring. 
Mais  pour  ma  part  j'ai  la  conviction  que  toutes  ces  espfeces  habitent 
aussi  les  parties  septentrionales  de  T^Ajn^rique  et  la  Sib^rie  et  qu'on 
les  y  d^couvrira  certainement  un  jour. 

II  est  fort  difficile  et  souvent  impossible  de  d^ider  dans  le  nombre 
des  espfeces  europ^americaines  quelles  sont  celles  d'origine  pal6- 
arctique  et  celles  d'origine  am^ricaine.  On  est  autoris^  cependant 
a  dire  que  la  plus  grande  partie  des  espfeces  communes  est  d'origine 
pal^rctique. 

Cette  manifere  de  voir  est  confirm^  du  reste  aussi  par  T^tude  des 
genres  europ^americains  communs. 

C'est  un  axiome,  en  zoog^graphie,  que  le  centre  de  dispersion 
d'un  type  zoologique  terrestre  doit  etre  recherche  sur  le  point  du  globe 
oil  il  pr^sente  le  plus  grand  nombre  d'esp^ces. 

Si  on  examine,  a  ce  point  de  vue,  les  genres  autochthones  com- 
muns k  TEurope  et  a  TAm^rique,  —  a  Fexclusion  des  5  genres  impor- 
t's par  I'homme  —  on  pent  les  grouper  comme  suit : 

I.   Genres  de  la  faune  pal^arctique 

Odontoscelis  Lap.  Ceraleptus  Costa 

Phimodera  Germ.  Coriomeris  Westw. 

Eurygaster  Lap.  Berytus  Fabr.  (Neides  auct.) 

Sehirus  Am.  Serv.  Lygaeosoma  Spin. 

Sciocoris  Fall.  Cymus  Hahn 

Aelia  Fabr.  Blissus  Burm. 

Neottiglossa  Curt.  G^ocoris  Fall. 

Peribalus  Muls.  Rey  Heterogaster  Schill. 

Carpocoris  Ko.  Rerotmetus  Am.  Serv. 

Rhacognathus  Fieb.  Stygnocoris  Dougl.  Scott. 

Elasmucha  St&l  Pentrechus  Fieb. 

*  Stal  (SteU,  ErU.  ZeU,,  1858,  p.  197)  a  signal^  encore  la  Cercopis  carticea 
Genn.  de  Ttle  de  Sitka;  mais  il  faudrait  examiner  son  insecte  pour  voir  si  c'est 
r^llement  cette  esp^e  ou  peut-6tre  une  esp^ce  am^ricaine  ou  une  des  esp^ces 
d6crites  r^cemment  du  Japon. 
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Trapezonotus  Fieb.  Nepa  L. 

Aphanus  Lap.  (Calyptonotus  Stal)  Corixa  Greoifr. 


Emblethis  Fieb. 

Eremocoris  Fieb. 

Drymus  Fieb. 

Scolopostethus  Fieb. 

Gastrodes  Westw. 

Piesma  Lep.  Serv. 

Acalypta  Westw. 

Galeatus  Curt. 

Physatocheila  Fieb. 

Monanthia  Lep.  Serv. 

Aradus  Fabr. 

Ploiariola  Reut. 

Ploiaria  Scop. 

Reduvius  Fabr. 

Acanthia  Fabr.  (Salda  Fabr.) 


Dicraneura  Hardy 

Eupteryx  Curt.  (Typhlocyba  Germ.) 

Empoa  Fitch  (Typhlocyba  auct.) 

Erythroneura  Fitch  (Zygina  Fieb.) 

Balclutha  Kirk.  (Gnathodus  Fieb.) 

Macrosteles  Fieb.  (Cicadula  auct.) 

Thamnotettix  Zett. 

limotettix  Sahib. 

Eusceiis  BruU.  (Athysanus  Burm.) 

Goniagnathus  Fieb. 

Jassus  Fabr.  (Allygus  Fieb.) 

Aconura  Leth. 

Deltocephalus  Burm. 

Platymetopius  Burm. 

Parabolocratus  Fieb. 


Xylocoris  Duf.  (Piezostethus  Fieb.)  Strongylocephalus  Flor. 


Anthocoris  Fall. 
Triphleps  Fieb. 
Scoloposcelis  Fieb. 
Stenodema  Lap.  (Miris  auct.) 
Trigonotylus  Fieb. 
Teratocoris  Fieb. 
Pytocoris  Fall. 
Adelphocoris  Reut. 
Calocoris  Fieb. 
Pycnoptema  Fieb. 
Dichrooscytus  Fieb. 
Poeciloscytus  Fieb. 
Polymerus  Hahn 
Camptobrochis  Fieb. 


Aphrodes  Curt.  (Acocephalus  Burm.) 

Euacanthus  Lep.  Serv. 

Penthimia  Germ. 

Idiocerus  Lewis 

Oncopsis  Burm.  (Bythoscopus  auct.) 

Macropsis  Lewis  (rediopsb  Burm.) 

Philaenus  Stal 

Cercopis  Fabr.  (Aphrophora  Germ.) 

Tibicen  Latr. 

Cicadetta  Eol. 

Cixius  Latr. 

Oliarus  St&l 

Issus  Fabr. 

Hysteropterum  Am.  Serv. 

Kelisia  Fieb. 


Deraeocoris  StSl 

Capsus  Fabr.  (Rhopalotomus  Fieb.)  Libumia  St&l 

Labops  Burm.  Achorotile  Fieb. 

Halticus  Hahn  ,  Stiroma  Fieb. 

Macrolophus  Fieb.  Livia  Latr. 

Dicyphus  Fieb.  Euphyllura  Frst. 

Cyrtorhinus  Fieb.  Aphalara  Frst. 

Orthotylus  Fieb.  (Diommatus  Uhl.)  Psyllopsis  Low 

Heterocordylus  Fieb.  Psyllia  Kirk.  (Psylla  auct.) 

Macrotylus  Fieb.  Trioza  Frst. 

Psallus  Fieb.  Macrosiphum  Pass.   (Siphonophora 

Atractotomus  Fieb.  Koch) 

Plagiognathus  Fieb.  Drepanosiphum  Koch 

Atomoscelis  Reut.  Phorodon  Pass. 

Chlamydatus  Curt.  Rhopalosiphum  Koqh 

Neocoris  Dougl.  Scott  Myzus  Pass. 

Campylomma  Reut.  Hyalopterus  Koch 

Sthenarus  Fieb.  Aphis  L. 

Myiomma  Put.  (Heidemannia  Uhl.)  Hyadaphis  Kirk.  (Siphocoryne  Pass.) 
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PterocommaBuckt.(CladobiusKoch)Phenacoccus   Ckll.    (Pseudecoccus 

Chaitophonis  Koch  Sign.) 

Sipha  rass.  Eriopeltis  Sign. 

Callipterus  Koch  Lecanopsis  Targ. 

Lachnus  Burm.  Aclerda  Sign. 

Schizoneura  Hart.  Diaspb  Costa 

Tetraneura  Hart.  Leucaspis  Targ. 

ByrsocryptaHalid.(PemphigusHart.)  =  133  genres. 
Adelges  Vail.  (Chermes  Pass.) 

II.   Genres  de  la  faune  NiARcnQXTE 

Chlorochroa  Stal  Megamelus  Fieb. 

Alydus  Fabr.  Calophya  Low 

Ligyrocoiis  St&l  Phyllaphis  Koch 
Cyrtopeltis  Fieb.  (Engytatus  Rent.)  Anoeaa  Koch 

Notonecta  L.  Phylloxera  Boy. 

Alebra  Fieb.  Aleyrodes  Latr. 

Cicadula  Zett.    (Empoasca  Walsh,  Orthezia  Bosc 

Chlorita  Fieb.)  Lecanodiaspis  Targ. 

Phlepsius  Fieb.  Kermes  B9it. 

Dorycephalus  Kusch.  Ceroputo  Sulc 

Errhomenellus  Put.  Ripersia  Sim. 
Bythoscopus(jerm.(Macropsisauct.)  Antonina  Sign. 

Agallia  Curt.  Eulecanium  Ckll. 

Paropulopa  Fieb.  Physokermes  Targ. 

Lepyronia  Am.  Serv.  Targionia  Sign. 

Myndus  Stfil  «=  31  genres. 
Helicoptera  Am.  Serv. 

III.   Genres  de  la  faune  HOLARcnQirE 

Zicrona  Am.  Serv.  Lopus  Hahn  (Onychumenus  Reut.) 

Cymodema  Spin.  Paramesus  Fieb. 

Sphragisticus  St&l  Aphelonema  Uhl. 

Dufouriellus  Kirk.  (Xylocoris  auct.)  Stenocranus  Fieb. 

Miris  Fabr.  (Leptoptema  Fieb.)  Nectarosiphon  Schout.     (Macrosi- 

Monalocoris  Dahlb.  phum  Oestl.) 

Pilophorus  Hahn  Toxoptera  Koch 

Hyoidea  Reut.  Melanoxantherium  Schout.     (Me- 

Meeomma  Fieb.  lanoxanthus  Buckt.) 

Reuteria  Put.^  Colopha  Monell 

^  Le  Malacocoris  irroratus  Say  d'Am^rique  est  une  espdce  du  genre  Reuteria 
Put.  et  M.  le  Prof.  O.  M.  Reuter  m'informe  qu'elle  serait  m^ine  tout  k  fait  iden- 
tique  k  R.  MarqueH  Put.  d'Europe.  Mab  ie  dois  remarquer  que  Teep^  am^ri- 
came,  assez  commune  aux  £tats-lJnis  sur  diverses  plantes,  y  vit  Ik  T^tat  larvaire 
d'aprte  M.  O.  Heidemami  (Proc.  Eni.  Soc.  Washington,  IL.  1892,  p.  226)  exclusive- 
ment  sur  le  Bouleau  noir  {Betida  nigra)  tandis  que  Pespece  europ^enne  se  prend 
8ur  les  chines.  Get  insecte,  en  passant  d'un  continent  k  I'autre,  aurait-il  done 
change  sa  plante  nourrici^re?  II  y  a  cependant  assez  de  chines  en  Am^rique  et  les 
bouleaux  ne  manquent  pas  en  Europe. 
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Geoica  Hart. 
Hamamelistes  Shim. 
Xylococcus  Ldw 


Trionymus  Berg  (Westwoodia  Sign.) 

Exaeretopus  Newst. 

=  23  genres. 


IV.     GeNBES  DE  LE  FAUNB  Ni:OTROPICALE 

Thyreocoris  Schrk.  (Corimelaena    Velia  Latr. 


White) 
Podisus  H.^h. 
Ischnorhynchus  Fieb. 
Ischnodemus  Fieb. 
Phymata  Latr. 
Aneurus  Curt. 
Microvelia  Westw. 


Lyctocoris  Hahn 

Cardiastethus  Fieb. 

Fulvius  Stal 

Ochterus*Latr.  (Pelogonus  Latr.) 

Liehtensia  Sign. 

«  13  genres. 


Scotinophara  Stal 
Eusarcoris  Hahn 
Ranatra  Fabr. 


Genbes  de  la  faune  orientalb 

Coccus  L. 
Parlatoria  Targ. 


5  genres. 


VI.   Genres  de  la  faune  iiTmopiENNB 


Geotomus  Muls.  Rey 
Meddea  Dall. 


Oxycarenus  Fieb. 
Harpactor  Lap. 


4  genres. 


Vn.   Genbes  de  la  faune  intertropicale 

Nezara  Am.  Serv 
Lygaeus  Fabr. 
Paromius  Fieb. 
Mezira  Am.  Serv. 
Lap.) 


Calisius  St&l 


Henicocephalus  Westw. 


Oncocephalus  Klug 
Amorgius  Stal  (Belostoma  auct.) 
Hecalus  St&l 
(Brachyrhjmchus  Cicada  L. 

Lamenia  Stil 
Ceroplastes  Gray 


12  genres. 


Vin.   Genres  cosmopoutes 


Aethus  Dall.  (Cydnus  auct.) 

Megalotomus  Fieb. 

Corizus  Fall. 

Nysius  Dall. 

Pamera  Say 

Hebrus  Curt. 

Hydrometra  Latr. 

Gerris  Fabr. 

Pygolampis  Germ. 

Reduviolus  Kirbv  (Nabis  auct.) 

Megacoelum  Fieo. 

Lygus  Hahn 

plea  Leach 


Tettigoniella  Jac.  (Tettigonia  auct.) 
Tomaspis    Am.    Serv.    (Triecphpra 

Am.  Serv.) 
Asterolecanium  Targ. 
Eriococcus  Targ. 
Pseudococcus  Westw. 
Pulvinaria  Targ. 
Chionaspis  Sign. 
Aspidiotus  Bouch^ 
Lepidosaphes    Shimer     (Mytilaspis 

Sign.) 

=  22  genres. 
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IX.   Genres  d'orioine  incertaine 

Kezodorus  Fieb.  Margarodes  Guild.  (Porphyrophora 
Mesovelia  Muls.  Rey  Brandt) 

Ceratocombus  Sign.  Rhizococcus  Sign. 

Stenotus  Jak.  Gossyparia  Sign. 

Palaeococcus  Ckll.  =  8  genres. 

Les  genres  pal^rctiques  sont  done  en  predominance  sur  tous  les 
autres,  comme  le  sont  aussi  les  espies  pal^rctiques  sur  les  autres 
espfeces  communes  aux  deux  continents. 

Les  genres  originaires  de  la  faune  n^arctique  sont  moins  nombreux 
et  a  peine  le  quart  de  genres  pal^rctiques.  En  g^n^ral,  la  migration 
des  genres  am^ricains  dans  TAncien  Continent  paralt  s'etre  effectu^ 
d'une  manifere  moins  facile  que  celle  des  genres  pal^rctiques  dans 
r Am^rique  septentrionale.  II  y  a  quelques  genres  am^ricains  qui  n'ont 
de  repr^sentants  que  dans  TAsie  orientale  sans  p^n^trer  plus  loin 
dans  la  region  pal^arctique.  Tels  sont  les  genres :  Pachygrontha  Stil, 
Ptochiomera  Say,  Lygidea  Reut.,  Irbisia  Stil,  Eutettix  Van  D.,  Sca- 
phoideus  Uhl.  et  XestocqJialus  Van  D. 

J'ai  r^uni  sous  le  nom  de  genres  holarctiques  tous  ceux  qui  habi- 
tent  rh^misph^re  septentrional  et  sont  repr^nt^s  dans  les  regions 
pal^arctique  et  n&rctique  par  un  ^gal  nombre  d'espfeces,  ce  qui  rend 
impossible  d'indiquer  leur  centre  de  dispersion.  Mais  il  est  incon- 
testable que  la  voie  de  leur  migration  ^tait  ^galement  le  d^troit  de 
Behring. 

Les  genres  que  j'avais  indiquds  conmie  originaires  des  faunes 
orientale  et  ^thiopienne,  ont  p^n^tr^  d'abord  dans  la  region  pal^ 
arctique  d'ou  ils  ont  envoy^,  par  le  d^troit  de  Behring,  leurs  repr^ 
sentants  dans  le  Nouveau  Monde. 

II  en  est  de  meme  pour  les  genres  originaires  de  la  faune  n^tro- 
picale  dont  les  espfeces  ont  rayonn^  sur  la  region  n^arctique  et  de  la 
sur  la  region  pal^rctique.  Le  genre  Thyreocoris  en  foumit  un  trfes 
bon  exemple.  Ce  genre  est  repr^ent^  dans  la  region  n^otropicale  par 
31  espies  et  dans  la  region  n^arctique  par  14  esp^ces  tandis  que  dans 
la  grande  region  pal^rctique  on  n'en  trouve  que  2  espfeces. 

En  ce  qui  conceme  les  genres  de  la  z6ne  intertropicale,  leur  ori- 
gine  et  leur  dispersion  n'est  pas  en  rapport  direct  avec  la  question  qui 
nous  occupe.  II  suflBt  pour  nous  de  constater  que  les  regions  pal^ 
arctique  et  n&rctique  ont  re9U  les  repr^ntants  de  ces  genres  directe- 
ment,  c'est  a  dire  que  la  region  pal^rctique  les  a  re^us  de  TAfrique 
et  de  TAsie  tropicales;  et,  TAm^rique  du  Nord  de  la  region  n^otro- 
picale. 

II  en  est  de  m^me  pour  les  6  espfeces  europ&)-am^ricaines  que 
Ton  trouve  dans  TEurope  m^ridionale  et  dans  le  midi  des  £tats-Unis 
dont  j'ai  d^ja  fait  mention.  Cinq  espfeces:  Nezara  viridula  L., 
Corizua  hyalinvs  Fabr.,  Reduviolus  capsiformis  Grerm.,    Trigonotylus 
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brevipes  Jak.  {tenuis  Reut.)  et  Lygus  apicalis  Fieb.  habitent  non 
seulement  TEurope  et  TAm^rique  du  Nord,  mais  sont  aussi  r^pandues 
dans  toute  la  zdne  intertropicale  de  TAfrique,  de  TAsie  et  de  TAm^- 
rique.  Les  faunes  pal^rctique  et  n^retique  ne  les  ont  pas  re9us  Tune 
de  Tautre,  mais  ind^pendamment  et  directement  des  regions  tropicales 
qui  en  sont  les  plus  rapproch^.  La  sixifeme  espfece,  Psalliis  ancorifer 
Fieb.  {robustus  Uhl.),  n'est  connue  jusqu'a  pr&ent  que  de  TEurope 
m^ridionale,  du  nord  de  TAfrique  et  des  parties  m^ridionales  des 
^tats-Unis,  mais  je  pense  que  son  aire  g^graphique  doit  etre  plus 
vaste  et  s'^tend  probablement  aussi  sur  TAsie  m^ridionale. 

L'origine  des  genres  cosmopolites  et  de  quelques  autres  genres 
repr^nt^  sur  diflF^rents  points  du  globe  par  des  espfeces  isol^,  n'est 
pas  a  dueider  pour  le  moment  et  reste  encore  douteuse. 

Cependant  la  statistique  pr^^ente  nous  permet  de  constater  que 
214  genres,  c'est  a  dire  83.59%  des  genres  conmiuns  a  TEurope  et  k 
TAm^rique  du  Nord  ont  effectu^  leur  migration  par  le  d^troit  de 
Behring  tandis  qu'il  n'y  a  que  12  genres  communs,  c'est  a  dire  4.68% 
qui  aient  p^n^tr^  dans  les  deux  continents  directement  des  regions 
m^ridionales  limitrophes.  Cela  d^montre  suflBsamment  le  r6le  im- 
portant que  le  d^troit  de  Behring  joue  dans  la  migration  et  la  disper- 
sion des  animaux  terrestres. 

De  ces  recherches  on  pent  d^uire  les  conclusions  suivantes : 

1°  II  exbte  un  certain  nombre  d'espfeces  et  de  genres  d'H^miptferes 
qui  sont  communs  a  TEurope  et  a  TAm^rique  du  Nord. 

2°  La  grande  majority  de  ces  H^miptferes  communs  est  originaire 
de  la  faune  pal&irctique  et  appartient  k  la  z6ne  temp^r^. 

3°  La  migration  de  ces  H^miptferes  a  eu  lieu  en  grande  partie 
par  le  d^troit  de  Behring. 

4^  Les  quelques  types  m^ridionaux  qui  sont  communs  aux  deux 
continents,  sont  originaires  des  regions  intertropicales  d'ou  ils  sont 
Venus  ind^pendamment  enrichir  les  faunes  pal^rctique  et  n^arctique. 

5^  L'importation  artificielle  ne  joue  qu'un  r6le  secondaire  dans  la 
propagation  des  H^miptferes  europ^o-americains;  mais  c'est  TEurope 
qui  a  foumi  k  TAm^rique,  avec  les  plantes  cultiv^,  plus  d'espfeces  que 
celle-ci  n'en  a  procure  a  TEurope. 

Voila,  Messieurs,  les  r€sultats  de  mes  recherches  sur  les  relations 
qui  existent  entre  les  faunes  h^mipt^rologiques  de  TEurope  et  de 
TAm^rique  du  Nord.  Je  vous  engage  h,  faire  aussi  dans  les  autres 
ordres  d'Insectes  et  dans  les  autres  classes  d'Arthropodes  des  investi- 
gations analogues  qui  permettront  de  confirmer,  modifier  ou  rectifier 
les  conclusions  g^nJrales  que  j'ai  eu  Thonneur  de  vous  exposer. 
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THE  RECENT  PROGRESS  AND  PRESENT  CONDITIONS 
OP  ECONOMIC   ENTOMOLOGY 

(Addrebb) 

L.  O.  HOWARD 

FiFTT  years  ago,  or  even  less,  a  veiy.satisfactoiy  and  comprehen- 
sive text-book  or  manual  of  economic  zoology  could  have  been  con- 
tained within  the  covers  of  a  single  volume  of  reasonable  size.  So 
great  have  been  the  advances,  however,  of  late  years,  that  the  books 
and  pamphlets  published  would  in  themselves  make  a  small-sized 
library.  The  whole  civilized  world  has  contributed  to  the  advance 
of  economic  zoology,  and  in  its  many  directions  it  has  greatly  improved 
the  condition  of  the  human  species. 

It  seems  to  be  generally  acknowledged  that  the  greatest  strides 
in  one  of  its  branches,  namely,  economic  entomologj',  have  been  made 
in  America,  and  therefore  it  has  been  thou^t  appropriate  at  this 
American  meeting  to  choose  an  economic  entomologist  to  give  the 
principal  address,  and  to  take  economic  entomology  as  his  particular 
subject. 

Thirteen  years  ago,  in  August,  1894,  the  present  speaker  delivered 
an  address  as  retiring  president  of  the  Association  of  Economic  En- 
tomologists, in  which  he  took  as  his  subject.  The  Rise  and  Preserd 
Condition  of  Official  Economic  Entomology.  In  this  address  (pub- 
lished in  Insect  Life,  volume  7,  pages  55  to  108)  the  early  history  of 
the  warfare  against  insects  was  briefly  discussed,  the  progress  through 
the  entire  world  was  described,  and  the  condition  at  that  time  in  the 
different  European  countries,  in  the  United  States  and  Canada,  in 
South  America,  India,  South  Africa,  Australia,  New  Zealand  and  the 
then  Hawaiian  Republic,  was  given. 

In  the  light  of  the  progress  of  the  last  thirteen  years  it  is  interest- 
ing to  read  that  address.  At  the  time  when  it  was  written  it  was 
rather  a  surprise  to  those  who  read  it,  to  see,  when  all  the  facts  were 
brought  together,  what  an  important  subject  economic  entomology 
had  grown  to  be,  but  from  even  this  short  distance  of  time  it  is  safe 
to  say  that  it  was  then  in  its  infancy,  and  perhaps  it  is  even  now  in 
its  infancy  —  who  can  tell  ? 

The  closing  words  of  the  address  were  as  follows : 

We  have  then  done  good  work ;  we  have  accomplished  results  which 
have  added  greatly  to  the  productive  wealth  of  the  world ;  we  have  justi- 
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fied  our  existence  as  a  dass  (remember  that  the  subject  was  "Official 
Economic  Entomology")*  We  are  now  better  equipped  for  the  prosecu- 
tion of  our  work  than  ever  before,  and  it  may  confidently  be  expected  that 
the  results  of  the  closing  years  of  the  century  will  firmly  fix  the  importance 
of  economic  entomology  m  the  minds  of  all  thinking  men  of  all  countries. 

This  prediction  has  been  more  than  justified.  Up  to  1894,  the 
great  features  in  this  practical  work  had  been  the  invasion  of  Europe 
by  the  grape-vine  Phylloxera  and  the  work  done  against  this  destruc- 
tive creature  Ijy  American  and  European  scientific  men;  the  work 
done  by  the  different  countries  against  locust  invasions,  the  work  done 
by  the  different  States  of  the  United  States,  and  by  the  general  govern- 
ment, against  many  species  of  injurious  insects,  notably  the  cotton 
caterpillar,  of  the  south,  and  the  very  remarkable  work  carried  on 
by  the  State  of  Massachusetts,  which  had  then  been  in  operation  with 
increasing  appropriations  from  the  State  for  four  years  (at  that  time 
S325,000  had  been  spent),  and  in  the  address  just  cited  it  was  called 
"one  of  the  most  remarkable  pieces  of  work,  judged  by  results,  which 
has  yet  been  done  in  economic  entomology." 

At  that  time  the  San  Jose  scale  had  just  been  discovered  in  eastern 
United  States.  It  was  known  onlv  in  a  few  localities,  and  the  dis- 
covery  that  it  had  been  disseminated  far  and  wide  through  nurseries 
had  not  yet  been  made.  The  tremendous  effect  of  the  spread  of  this 
most  injurious  species  upon  the  popular  estimation  of  the  value  of 
entomological  knowledge  can  hardly  be  overestimated.  This  spread 
alone  is  responsible,  probably,  for  more  legislation  in  this  country, 
and  in  other  countries,  than  all  the  other  features  of  entomology  com- 
bined —  State  after  State  on  this  side  of  the  water  has  passed  rigid 
laws,  and  country  after  country  has  issued  decrees  and  passed  laws 
concerning  commerce  in  plants,  all  of  them,  nearly,  of  broad  bear- 
ing and  great  importance,  but  all  of  them  also  incited  by  the  danger- 
ous habits  of  this  pest.  The  San  Jose  scale  literature  published  in 
these  last  thirteen  years  covers  hundreds  of  thousands  of  pages,  and 
hundreds  of  thousands  of  dollars  have  been  lost  through  its  work, 
but  through  the  operation  of  state  laws  many  entomologists  have  been 
employed,  and  through  their  work  milUohs  of  dollars  have  been 
saved. 

Although  in  1894  the  discovery  had  already  been  made  by  Smith, 
Kilbome  and  Salmon,  that  the  Texas  fever  in  cattle  is  carried  by  a 
tick,  and  although  Laveran  had  already  made  the  discovery  that  the 
causative  organism  of  malaria  is  a  protozoan  of  like  habits,  inhabit- 
ing the  red  blood  corpuscles,  the  life  history  of  this  protozoan  had 
not  been  made  out,  and  the  all-important  discovery  of  Ross,  that  its 
primary  host  is  a  mosquito,  had  not  been  made. 

When  we  consider  the  now  generally  recognized  importance  of 
insects  as  carriers  of  certain  diseases  of  men  and  animals  we  realize 
that  the  discoveries  of  the  thirteen  years  imder  consideration  have 
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been  vital  to  the  welfare  of  humanity,  and  that  possibly  we  are  aa 
yet  only  on  the  threshold  of  discoveries  which  will  prolong  life  and 
will  conduce  to  added  happiness  of  millions  yet  unborn. 

The  ticks  and  the  mosquitoes  of  the  genera  Anopheles  and  Ste- 
gomyia,  and  many  other  biting  flies,  fleas,  the  common  house  fly,  the 
bed  bug  and  presumably  other  insects,  are  now  recognized  not  only  as 
nuisances,  but  as  most  serious  menaces  to  health,  and  measures  for  the 
control  of  nearly  all  of  them  are  becoming  well  understood,  and  all 
of  this  has  come  about  in  the  past  eight  years.  The  enormous  San 
Jose  scale  literature  referred  to  in  a  previous  paragraph  is  exceeded 
by  the  literature  of  this  subject.  Not  only  have  popular  joumab  and 
scientific  transactions  been  filled  with  articles  dealing  with  these  dis- 
coveries, but  books  have  been  written,  and  medical  joumab  have 
been  crowded  with  annoimcements  of  discoveries  bearing  upon  this 
line  of  investigation. 

Here,  economic  entomology  has  touched  a  new  side  of  human 
interest;  it  is  the  health  of  man  and  not  the  preservation  of  his  prop- 
erty that  is  concerned,  and  the  interest  has  been  a  more  vital  one. 
The  prime  investigators,  it  is  true,  have  been  medical  men,  but  the 
economic  entomologbts  have  done  their  full  and  most  important 
share,  and  it  has  only  been  by  the  combination  of  the  labor  of  both 
classes  of  workers  that  the  present  results  have  been  achieved. 

In  both  of  these  last  two  developments  of  this  period  —  namely, 
the  San  Jose  scale  work  and  the  work  against  insects  injurious  to 
health  —  the  whole  world  has  been  vitally  interested,  and  in  another 
department,  which  has  reached  the  highest  stage  during  this  time, 
many  nations  are  becoming  interested;  and  that  is  the  international 
work  with  the  parasitic  and  predatory  insect  enemies  of  injurious 
insects.  Originally  suggested,  and  experimentally  tried  on  a  small 
scale,  but  with  scanty  results,  very  many  years  ago,  the  first  successful 
large-scale  experiment  was  concluded  in  Califomia  about  twenty 
years  since,  by  the  work  of  an  agent  of  the  United  States  Department 
of  Agriculture,  Albert  Koebele.  Both  the  State  of  Califomia  and  the 
United  States  Department  of  Agriculture  have  carried  on  the  work 
since  that  time,  and  they  have  been  joined  by  the  Territory  of  Hawaii, 
by  the  colony  of  Westem  Australia,  by  South  Africa,  by  the  British 
West  Indies,  by  Egypt,  by  Portugal,  by  Italy,  quite  recently  by  France, 
and  at  the  present  moment  an  entomologist  from  Chile  is  in  the  United 
States  searching  for  beneficial  insects  to  take  back  with  him  to  South 
America. 

All  of  this  work  was  done  on  a  rather  small  scale,  althou^  oc- 
casionally with  excellent  results,  until  three  years  ago,  when  the 
effort  to  mtroduce  the  European  parasites  of  Porthetria  dispar,  known 
as  the  gypsy  moth,  and  of  Euproctia  chryaorrhcea,  known  as  the 
brown-tail  moth,  into  the  United  States  was  begim.  In  the  north- 
easterly portion  of  the  United  States,  both  of  these  injurious  insects 
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introduced  accidentally  had  spread  enormously,  and  occurred  in 
countless  numbers.  The  percentage  of  parasitism  from  native  Ameri- 
can parasites  was  very  small.  The  normal  percentage  of  parasitism 
in  the  native  homes  of  the  injurious  species  was  very  great.  There 
seemed  to  be  no  object  in  limiting  the  importations  of  parasites  — 
the  greater  the  number  introduced  the  sooner,  it  seemed,  would  suc- 
cess be  reached;  therefore,  from  the  start  the  work  has  been  done 
upon  a  very  large  scale.  Hundreds  of  thousands  of  host  insects  con- 
taining parasites  have  been  brought  each  year  from  a  large  part  of 
their  European  geographic  range;  more  than  forty  species  of  para- 
sites have  thus  been  brou^t  over,  bred  and  liberated;  several  of 
them  have  certainly  established  themselves  in  New  England,  and 
there  seems  every  reason  to  believe  that  speedy  success  will  be  reached. 
The  single  negative  chance  that  native  nyper-parasites  will  interfere 
cannot  be  guarded  against,  and  even  should  such  species  attack  the 
imported  parasites,  it  will  probably  not  be  long  before  a  condition 
of  more  or  less  stable  equilibrium  among  the  host  insects,  the  primary 
parasites  and  the  hyper-parasites,  will  have  been  reached.  Every 
possible  effort  has  been  and  is  being  made  to  prevent  the  escape  in 
this  country  of  the  European  hyper-parasites.  This  work  is  now 
going  on  in  a  laboratory  at  North  Saugus,  near  Boston,  and  as  it  is 
by  far  the  largest  experiment  of  the  kind  ever  tried  in  the  hbtory  of 
the  world,  it  will  doubtless  be  interesting  to  the  members  of  the  section 
of  economic  zoology  to  visit  this  laboratory  during  the  present  week 
and  examine  the  detaib  and  methods  used.  The  speaker,  who  has 
special  charge  of  this  work,  will  be  greatly  indebted  to  members  of 
the  section  for  suggestions  which  they  may  make  after  an  examination 
of  the  laboratory,  which  may  assist  in  making  the  work  more  efficient. 
Another  almost  unforeseen  development  in  economic  entomology, 
in  the  period  under  consideration,  and  one  of  very  great  interest  and 
importance,  has  been  the  spread  of  the  Mexican  cotton  boll  weevil 
(Anthonomus  grandis)  in  the  United  States.  It  has  presented  an 
enormous  problem  in  economic  zoology;  the  enormous  damage  it 
has  done,  and  the  fears  it  has  aroused  in  other  cotton-growing  coun- 
tries, have  threatened  a  disturbance  in  the  balance  of  trade  for  the 
entire  world.  At  the  time  of  the  former  address,  in  August,  1894,  <his 
insect  had  just  made  its  appearance  across  the  Rio  Grande  in  the 
vicinity  of  Brownsville,  Texas.  Advancing  year  by  year  since  then 
to  the  north  and  to  the  east,  spreading  at  an  average  rate  of  per- 
haps seventy-five  miles  annually,  nt  has  now  reached  Arkansas  and 
Oklahoma  on  the  north,  and  the  valley  of  the  Mississippi  River  on 
the  east.  Many  millions  of  dollars  have  been  lost  each  year  by  the 
ravages  of  this  insect.  During  the  seasons  of  its  greatest  abundance, 
this  annual  damage  has  been  estimated  at  from  $15,000,000  to 
$30,000,000.  In  this  spread  we  see  one  of  the  most  striking  instances 
of  the  value  of  scientific  prediction,  and  the  value  of  scientific  advice 
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in  practical  matters.  At  the  beginning  of  its  spread,  the  whole  situa- 
tion,  as  developed  later,  was  predicted ;  and  by  a  very  small  expendi- 
ture of  money  the  insect  could  have  been  held  in  check  and,  in  fact, 
exterminated  easily.  It  occurred  in  a  circumscribed  region  in  which 
the  value  of  the  cotton  production  was  not  great,  and  the  passage  of  a 
law  by  the  Texas  legislature  to  enforce  measures,  which  could  not 
have  resulted  in  an  expense  of  more  than  $20,000  or  $30,000  to  the 
State,  would  have  entirely  prevented  the  loss  which  has  resulted  from 
the  ignoring  of  these  recommendations.  The  recommendations  were 
not  only  made  by  the  Bureau  of  Entomology  of  the  United  States, 
but  a  bill  was  drafted  in  that  oflSce,  the  governor  of  the  State  recom- 
mended its  passage  in  that  session  of  the  legislature;  but  with  fatal 
economy,  and  with  the  fatal  ignorance  of  the  value  of  expert  advice, 
the  legislature  failed  to  pass  the  law,  and  the  insect  steadily  spread. 
Large  sums  of  money  have  been  spent  by  the  general  government  in 
the  investigation  of  all  the  factors  connected  with  the  life  histor}', 
habits,  method  of  dispersion  and  methods  of  control,  and  large  sums 
have  also  been  spent  in  actual  field  demonstrations  upon  a  large 
scale  of  the  eflScacy  of  the  control  measures  recommended.  Even 
these  field  demonstrations,  however,  have  been  met  with  a  conser- 
vatism in  cultural  methods  that  has  proved  quite  as  fatal  as  the 
original  failure  to  pass  the  initial  control  law.  At  the  present  time 
it  seems  that  the  further  spread  of  the  insect  cannot  be  stopped,  but 
so  soon  as  this  crop-method  conservatism  can  be  overcome,  the  cotton 
boll  weevil  will  cease  to  be  a  pest  of  the  first  rank,  and  the  cultivation 
of  cotton  can  be  carried  on  almost  as  successfully  in  its  presence  as 
it  was  in  its  absence.  In  the  course  of  this  investigation  there  has 
been  accumulated  a  mass  of  information  concerning  this  insect  which 
has  probably  never  been  exceeded  in  the  study  of  any  one  species. 
For  six  years  a  well-selected  and  large  force  of  trained  entomologists 
has  been  investigating  every  phase  of  its  life,  and  this  in  itself  has 
never  been  done  to  the  same  extent  with  any  other  species;  but, 
curiously  enough,  this  work  has  not  yet  been  completed,  and  the 
reason  is  that  the  weevil  coming  from  Mexico  has  been  steadily  ad- 
vancing into  new  territory  where  conditions  of  the  soil,  temperature, 
moisture  and  crop  methods  are  different.  It  has  shown  itself  adapt- 
able to  changes  m  these  particulars  to  an  extraordinary  degree;  it 
is  still  advancing;  it  is  still  changing  its  habits,  and  we  may  reason- 
ably expect  to  see  marked  differential  developments  between  such 
radically  different  conditions  as  those  that  exist  in  the  dry,  sandy 
cotton  lands  of  Texas  and  the  moist  climate  and  heavy  soil  of  the 
Mississippi  bottom  lands.  This  investigation  must  therefore  still 
continue. 

In  this  work  against  the  cotton  boll  weevil  we  see,  therefore, 
another  striking  development  of  economic  entomology.  The  large 
sums  appropriated  by  Congress  and  by  the  different  States  have  neces* 
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sitated  the  employment  of  an  increasing  force  of  trained  entomolo- 
gists. The  agricultural  colleges  of  the  United  States  have  been  obliged 
to  meet  this  demand  for  additional  assistance;  through  this  cause, 
and  many  others,  already  mentioned,  or  to  be  mention^,  the  impor- 
tance of  training  in  economic  entomology  in  these  agricultural  colleges 
has  become  intensified;  the  men  at  the  heads  of  these  departments 
of  instruction  have  been  obliged  to  change  their  methods;  they  have 
kept  up  with  the  progress  of  field  and  laboratory  work  and  have 
trained  their  students  in  the  newest  developments.  The  increase  in 
the  nimiber  of  scientifically  trained  and  working  economic  entomo- 
logists has  been  remarkable,  and  will  be  referred  to  later  in  this 
address. 

It  has  already  been  stated  that  the  work  of  the  State  of  Massachu- 
setts against  the  gypsy  moth  was  already  well  under  way  in  1894. 
This  work  has  since  had  its  vicissitudes,  and  it  offers  a  remarkable 
example  of  what  can  be  done  and  what  should  be  done  in  face  of  great 
emergencies  such  as  it  presented,  and  still  presents,  and  it  offers  also 
an  extraordinary  example  of  the  short-sightedness,  temporary,  at 
least,  of  legislators.  The  work  continued  with  excellent  success  down 
to  the  year  1900.  The  extermination  of  the  gypsy  moth  at  that  time 
was  almost  in  sight.  It  had  actually  been  exterminated  over  consider- 
able extents  of  territory.  The  conservative  estimate  of  those  in  charge 
of  the  work  placed  the  period  of  the  termination  of  state  appropriation 
at  only  a  few  years  in  advance.  Mark  the  result.  The  appropriation 
was  diropped  in  1900,  and  for  the  next  five  years  no  work  was  done 
against  this  insect,  except  that  done  by  private  property  owners.  All 
of  the  ground  gained  by  the  former  work  was  lost,  the  insect  mul- 
tiplied in  increasing  numbers,  and  a  large  extent  of  new  territory 
became  infested,  making  the  problem  many  times  more  important 
when  the  State  again  took  hold  of  the  remedial  work  in  1905.  In 
fact,  so  greatly  had  the  territory  increased,  so  greatly  had  the  insect 
multipli^  as  to  do  away  practically  with  all  idea  of  absolute  exter- 
mination. An  attempt  at  extermination  on  the  same  scale  on  which 
the  attempt  was  previously  made  would  almost  bankrupt  so  rich  an 
organization  as  the  Conunonwealth  of  Massachusetts.  In  the  mean- 
time, also,  the  insect  spread  beyond  the  borders  of  this  State  into 
Rhode  Island,  Connecticut,  New  Hampshire,  and  also,  as  has  recently 
been  discovered,  into  Maine.  At  last  the  general  government  was 
appealed  to,  and  was  appealed  to  distinctly  in  the  terms  of  aid  "to 
prevent  the  further  spread  of  the  moth."  The  brown-tail  moth  had 
in  the  meantime  obtained  a  foothold  in  New  England  and  had  spread 
far  and  wide,  and  it  too  was  included  in  the  terms  of  the  act  of  the 
general  government,  and  also  in  the  terms  of  the  act  of  the  State  of 
Massachusetts.  Appropriations  were  made  by  Congress  for  expendi- 
ture during  the  fiscal  year  ending  June  30,  1907,  of  $82,500,  and  for 
die  fiscal  year  ending  June  30,  1908  of  $150,000. 
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In  the  meantime,  the  State  of  Massachusetts  had  appropriated 
under  a  very  wise  law  $300,000  to  be  spent  in  the  years  1905-1908,  and 
has  appropriated  again,  the  last  winter,  in  cooperation  with  infested 
towns. 

The  States  of  Maine,  New  Hampshire,  Connecticut  and  Rhode 
Island  have  also  during  the  past  winter  made  small  appropriations 
covering  operations  for  the  next  year  or  two.  Here,  then,  is  a  gigantic 
effort  in  which  no  less  than  five  States  are  making  separate  appropria* 
tions  and  are  cooperating  with  the  general  government,  which  also 
makes  an  independent  appropriation,  the  whole  amounting  to  several 
hundreds  of  thousands  of  dollars,  in  an  effort  which,  in  its  present 
phase,  is  devoted  to  the  restriction  of  the  further  spread  of  these  two 
pests,  and  toward  relieving  the  conditions  of  damage  which  exist  in 
the  infested  territory,  until  such  time  as  the  large-scale  experiment 
heretofore  described  in  the  introduction  of  foreign  parasites  of  both 
species  shall  have  culminated  in  a  reasonable  degree  of  success. 

No  larger  scale  work  has  probably  ever  been  done,  nor  has  any 
work  in  economic  entomology  ever  been  done  in  a  more  eflScient  and 
practical  way  than  this  combined  work  of  the  several  states  and  the 
general  government  being  carried  on  at  the  present  time.  The  leader 
in  this  work  has  been  the  State  of  Massachusetts.  Aroused  by  the 
disastrous  conditions  brought  about  by  the  lapse  of  appropriations 
in  the  years  1900  to  1905,  the  State  has  taken  hold  of  die  problem 
with  an  energy  and  intelligence  conmianding  the  greatest  respect, 
and  it  has  been  this  attitude  on  the  part  of  the  State  that  has  induced 
the  general  government  to  assist  on  the  principle  that  ''Heaven  helps 
those  who  help  themselves." 

It  is  interesting  that  the  section  of  economic  zoology  of  the  Seventh 
International  Congress  should  hold  its  meeting  in  Boston,  the  center 
of  this  great  piece  of  economic  work,  at  a  time  when  its  results  can  be 
plainly  seen,  and  visiting  members  should  utilize  the  opportimity  to 
familiarize  themselves  with  the  details  of  this  work.  Very  wisely, 
the  work  of  the  State  of  Massachusetts  has  been  placed  in  the  hands 
of  A.  H.  Kirkland,  a  trained  entomologist  and  a  man  of  great  execu- 
tive ability,  and  in  his  hands  it  has  become  a  great  object  lesson. 

While  the  work  already  mentioned  has  perhaps  had  the  most  im- 
portant bearing  upon  what  may  be  termed  "the  rise  of  econonoiic 
entomology"  during  the  past  dozen  years,  there  has  been  an  enormous 
amount  of  other  work,  of  almost  equal  importance;  there  have  been 
important  developments  in  methods;  there  have  been  important 
discoveries  in  the  life  histories  of  many  species,  leading  to  better 
measures  of  control;  there  have  been  important  widenings  of  the 
field  in  many  directions.  Only  a  few  of  these  can  be  mentioned  at 
this  time,  and  perhaps  those  chosen  will  not,  after  all,  be  the  most 
important. 

The  demonstration  work  in  connection  with  the  cotton  boll  weevil 
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has  been  m^itioned,  and  this  in  itself  is  an  important  new  factor  in 
our  work.  It  seems  to  be  not  enough  to  tell  a  man  that  he  can  ac- 
compUsh  certain  results  by  doing  certain  things;  to  establish  perfect 
confidence  it  is  necessary  to  prove  this,  and  to  prove  it  not  by  labora- 
tory work,  but  by  field  work,  and  by  field  work  on  a  large  scale. 
The  first  demonstration  work  of  thb  character  was  probably  that 
carried  on  by  C.  B.  Simpson  for  the  Bureau  of  Entomology  in  the 
work  against  the  codling  moth,  in  Idaho,  in  1902.  Here  a  large 
commercial  orchard  was  treated  according  to  the  most  approved 
method,  and  a  check  orchard  was  left  untreated.  The  results  were 
exhibited  to  apple-growers  in  the  autumn  from  the  States  of  Idaho, 
Oregon  and  Washington,  and  the  demonstration  was  so  perfec  as 
to  induce  a  wide-spread  adoption  of  the  methods  used.  In  Texas 
and  Louisiana  this  demonstration  work  was  carried  on  at  first  by  the 
Bureau  of  Entomology,  and  later,  after  the  methods  were  shown  to 
have  been  sound,  by  the  Bureau  of  Plant  Industry,  and  upon  a  very 
large  scale.  In  the  same  way,  during  the  summer  of  1906,  cooperative 
work  against  injurious  insects  and  fungous  diseases  of  fruit  orchards 
was  carried  on  by  these  two  bureaus  in  Nebraska,  and  during  the 
present  summer  this  work  is  being  repeated  in  other  States.  The 
value  of  this  demonstration  is  very  great,  and,  as  before  stated,  intro- 
duces a  new  element  into  the  work. 

The  international  work  with  parasitic  and  predatory  insects  re- 
ferred to  in  my  previous  paragraph  is  of  course  suggestive  of  what 
may  be  done  with  parasites  of  injurious  species  in  a  single  country 
like  the  United  States,  which  is  of  broad  extent,  and  in  which  the 
climatic  and  crop  conditions  vary  so  considerably. 

The  Hessian  fly,  for  example,  that  great  destroyer  of  wheat,  has 
in  certain  seasons  and  in  certain  localities  parasites  which  reduce  it 
to  a  minimum,  but  it  has  been  shown  that  in  the  spring  of  certain 
years  these  parasites  will  be  competently  abundant  in  one  region  and 
practically  absent  in  another.  Advantage  has  been  taken  of  this  fact 
by  F.  M.  Webster,  of  the  Bureau  of  Entomology,  and  his  corps  of 
assistants,  to  study  and  import  from  these  regions  of  parasite  abun- 
dance, parasitized  puparia  of  the  Hessian  fly  into  regions  where  the 
parasites  upon  actual  examination  have  been  found  to  be  absent. 
During  the  present  season,  early  in  spring,  two  early  planted  experi- 
mental plats,  at  Lansing,  Mich.,  and  IVfiirion,  Pa.,  were  very  seri- 
ously attacked  by  the  Hessian  fly,  but  on  full  examination  carefully 
made  at  a  later  date,  90  per  cent,  of  the  puparia  were  found  to  have 
been  stung  by  a  parasite  of  the  genus  Polygnotus  and  to  contain  its 
developing  larvae.  A  field  of  wheat  near  Sharpsburg,  Md.,  was  found 
to  be  infested  by  the  fly,  and  examination  indicated  the  absence  of 
the  parasite.  On  April  8  a  large  number  of  the  parasitized  puparia 
from  Marion,  Pa.,  were  brought  to  Sharpsburg,  and  placed  in  the 
field.     On  July  8  an  examination  of  the  Sharpsburg  field  showed 
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that  the  parasites  had  taken  hold  to  such  an  extent  that  of  the  large 
number  of  puparia  taken  and  brou^t  to  the  laboratory  at  Washington 
for  examination^  not  one  was  found  which  had  not  been  parasitized. 
This  is  the  most  striking  example  of  the  kind  which  has  yet  been 
recorded,  and  indicates  the  value  of  further  experimental  work  in 
this  direction. 

Another  interesting  and  significant  large-scale  experiment  of  this 
kind  was  carried  oh  in  the  present  year,  also  by  Webster,  which, 
while  void  of  practical  results,  is  most  significant  and  valuable  as 
indicating  limitations.  A  serious  enemy  of  grains  and  grasses,  an 
aphidid,  known  as  the  Toxoptera  graminum,  made  its  appearance 
in  the  winter  time  in  Texas,  and  gradually  appeared  farther  and 
farther  north  until  in  July  it  was  found  across  the  Canadian  border. 
At  certain  periods  this  Toxoptera  is  always  practically  exterminated 
by  a  parasite  of  the  genus  Lysiphlebus.  At  the  time  when  the  Lysi- 
phlebus  in  Texas  is  abundant,  and  is  gaining  control  of  the  situation, 
the  Toxoptera  is  doing  its  worst  damage,  and  is  comparatively  un- 
parasitized  in  more  northern  regions,  such  as  Oklahoma  and  Kansas. 
It  was  considered  that  if  the  parasites  could  be  collected  in  Texas  in 
very  large  numbers,  and  transported  to  Oklahoma  or  Kansas,  the 
introduction  of  these  large  numbers  of  parasites  would  hasten  the 
destruction  of  the  Toxoptera,  remembering  all  the  while  that  native- 
bom  Lysiphlebus  in  small  numbers  were  already  beginning  to  develop 
in  the  Oklahoma  and  Kansas  fields.  A  number  of  experiments  of 
this  kind,  and  on  a  very  large  scale,  were  carried  on ;  some  work  was 
done  by  S.  J.  Hunter,  of  Kansas,  and  much  was  published  about  the 
result  of  this  work  in  the  month  of  May;  but  the  careful,  large  scale 
and  check  experiment  carried  on  under  Webster  in  the  same  month 
seems  conclusive  proof  of  the  failure  of*  such  work. 

One  experiment  in  particular  may  be  described.  On  May  13  two 
fields  of  winter  oats  near  Manhattan,  Kans.,  each  containing  four 
acres,  were  selected  for  the  experiment.  These  fields  were  su£Sciently 
widely  separated,  and  one  of  them  was  used  as  a  check.  Into  the 
other  were  introduced  some  millions  of  parasites  sent  from  Wellington, 
a  point  much  farther  south.  Careful  count  showed  that  in  the  experi- 
mental fields  the  percentage  of  native  parasitism  at  the  beginning  of 
the  experiment  was  from  3  to  7.  On  May  18  the  parasites  from  Wel- 
lington were  introduced  and  liberated;  on  May  23  the  parasitism 
in  this  field  had  increased  only  about  2  per  cent.,  whereas  in  the  check- 
.  field,  in  which  no  parasites  had  been  liberated,  it  had  increased  12 
per  cent.  On  May  27  the  percentage  of  parasitism  in  the  field  into 
which  parasites  had  been  introduced  had  reached  27  per  cent.,  while 
in  the  check-field  it  was  32  per  cent.  It  was  thus  clearly  demonstrated 
that  even  under  weather  conditions  favorable  for  the  development 
of  parasites,  an  introduction  to  the  extent  of  millions  carried  out 
under  field  conditions  does  not  indicate  enou^  efficiency  to  afford 
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any  encouragement  for  the  use  of  this  measure  in  the  protection  of 
the  grain  fields  in  case  of  future  attacks. 

One  of  the  most  important  features  which  has  come  to  the  front 
of  late,  although  often  suggested  in  earlier  writings,  is  the  value  of  a 
variation  in  farm  practice  m  its  effect  upon  insect  control :  the  rotation 
of  crops  has  always  been  known  to  be  of  prime  value,  but  further  than 
this,  even  in  the  case  of  constant  recropping  upon  the  same  land  of 
the  same  growth,  it  is  often  found  that  slight  variations  in  time  of 
seeding,  in  time  of  harvesting  and  in  method  of  cultivation  will  pro- 
duce important  e£Fects  upon  insects  and  vegetation.  Many  of  the 
state  entomologists  have  taken  up  this  line  of  thought,  and  have 
worked  out  practical  results  with  farm  insects,  and  also  with  insects 
that  a£Fect  truck  crops.  The  advances  in  this  direction,  and  in  others 
are,  in  fact,  so  numerous  that  even  a  cursory  sununary  would  be 
di£Scult. 

In  the  1894  Address,  the  rise  and  the  then  present  condition  of 
economic  entomology  were  treated  by  countries,  and  in  the  United 
States,  by  States.  It  will  be  well,  therefore,  after  this  consideration  of 
the  most  general  important  developments  of  this  application  of  the 
science,  to  look  over  the  field  and  gain  some  idea  of  the  material 
advances  in  means  and  facilities  —  in  other  words,  let  us  gain  some 
knowledge  of  the  appreciation  which  our  results  have  brought  us 
from  control  bodies. 


Untted  States 

United  States  Department  of  AgricuUure^ —  In  1894  the  entomolo- 
gical service  of  the  general  government  was  carried  on  by  the  Division 
of  Entomology,  an  independent  division,  the  head  of  which  reported 
directly  to  the  Secretary  of  Agriculture.  This  oflBce  at  that  time  car- 
ried an  annual  appropriation  of  $30,000,  and  its  force  consisted  of 
the  chief,  with  eight  scientifically  trained  assistants,  and  three  clerks 
and  messengers. 

At  the  time  of  the  present  writing  the  entomological  service  of  the 
department  has  been  given  bureau  rank;  its  budget  for  the  present 
year  is  $340,000,  and  its  pay-roll  includes  one  hundred  scientific 
assistants  and  two  hundred  and  fifty  other  employees.  Its  publica- 
tions are  numerous,  and  cover  the  whole  field  of  economic  ento- 
mology.   The  general  appreciation  of  its  results  is  most  satisfactory. 

The  Different  States,  —  In  1894  the  state  agricultural  experiment 
stations  had  been  in  existence  for  six  years;  forty-two  States  and 
Territories  had  employed  persons  to  do  entomological  work.  The 
number  of  experiment  station  workers  who  had  published  ento- 
mological bulletins  or  reports  reached  seventy-seven,  only  twenty- 
eight  of  whom  were  officially  designated  as  entomologists  to  their 
respective  stations.    Entomological  matter,  mostly  compued,  has  been 


Digitized  by 


Google 


582       Vn.  INTERNATIONAL  ZOOLOGICAL  CONGRESS 

published  by  the  agriculturists  and  horticulturists,  and  by  the  bota- 
nists, by  the  pomologists,  the  veterinarians  and  the  librarians.  At  the 
present  time  the  number  of  States  having  experiment  stations  and 
doing  entomological  work,  including  Hawaii  and  Porto  Rico,  is  51. 
The  number  of  entomologists,  assistant  entomologists,  and  so  on,  em- 
ployed by  the  stations  is  82. 

In  1894  the  entomological  publications  of  the  experiment  stations 
reached  the  number  of  311,  of  which  88  were  annual  reports,  213  were 
bulletins  and  10  were  leaflets  and  circulars.  In  character  the  bulletins 
and  such  reports  as  had  definite  titles  were  thrown  into  three  cate- 
gories :  first,  those  which  treated  only  of  insecticides  and  insecticide 
machinery  —  40;  second,  those  which  contained  compiled  accounts 
of  insects,  with  measures  for  their  destruction  —  60;  third,  those 
which  contained  the  results  of  moi^  or  less  sound,  original  observa- 
tion with  compiled  matter,  and  matter  upon  remedies  —  117.  There 
were  also  two  small  classes,  one  of  which  was  apiculture,  with  six 
publications;  the  second,  classificatory  publications,  of  which  there 
were  four.  Down  to  the  present  time  the  total  number  of  entomological 
publications  of  state  and  agricultural  experiment  stations  has  reached 
1,300,  of  which  424  are  reports,  839  are  bulletins,  34  circulars,  and  3 
apicultural  bulletins.  The  stations  have  issued  over  900  (941)  reports 
in  all,  of  which  about  one  half,  on  a  rough  estimate,  are  entomological, 
or  contain  some  entomological  matters.  The  bulletins  and  circulars 
may  be  divided  as  follows ;  insecticides  and  machinery,  251 ;  compiled 
accounts  of  insects,  259;  more  or  less  original  observation,  356. 

As  the  years  have  gone  on  original  bulletins  have  increased  in 
number.  A  critical  summary  of  the  results  achieved  by  the  experi- 
ment station  workers  would  be  of  great  interest,  but  it  must  be  remem- 
bered, as  pointed  out  thirteen  years  ago,  it  frequently  happens  that 
compiled  bulletins  have  a  greater  practical  value  to  the  constituency 
of  the  state  experiment  station  than  the  bulletins  giving  the  results  of 
original  work.  The  original  work  bulletins  advance  the  condition  of 
the  science ;  the  compiled  bulletins  extend  the  knowledge  of  the  re- 
sults so  as  to  make  them  more  valuable  to  people  at  large.  The  work 
that  has  been  done  by  the  oflSces  of  the  different  state  entomologists 
has  been  of  the  greatest  value  —  Forbes,  in  Illinois,  and  Felt,  in  New 
York,  have  published  material  of  the  greatest  value.  It  would  be 
perhaps  invidious  to  point  out  with  any  relative  estimate  of  their  value 
any  of  the  many  highly  important  publications  that  have  been  issued 
by  the  entomologists  of  the  experimental  stations ;  but  the  work  done 
by  Smith,  in  New  Jersey,  and  that  which  he  has  under  way  in  his 
large-scale  campaign  against  the  mosquitoes  of  that  State  are  of  such 
a  unique  character  that  they  force  special  mention.  The  mosquito 
destruction  measures  carried  on  by  English  workers,  and  especially  by 
those  connected  with  the  Liverpool  School  of  Tropical  Medicine,  in 
different  parts  of  the  tropics  controlled  by  England,  has  been  large- 
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scale  work  of  great  value.  That  done  by  the  army  of  occupation  in 
Cuba  was  of  enormous  value,  so  far  as  Ae  city  of  Havana  was  con- 
cerned, and  an  assistant  just  returned  from  the  Isthmian  canal  zone 
assures  me  that  it  is  possible  to  sit  now  out-of-doors  of  an  evening  upon 
an  unprotected  versuida  anywhere  in  the  zone  without  being  annoyed 
by  mosquitoes,  and  without  danger  of  contracting  malaria  or  yellow 
fever. 

These  are  all  great  pieces  of  woric,  but  when  we  consider  the  con- 
dition that  exists  in  the  State  of  New  Jersey,  and  the  indefatigable 
and  successful  work  of  Smith  in  the  handling  of  the  most  difficult 
problem  of  the  species  that  breed  in  the  salt  marshes,  and  of  his 
persistent  and  finally  successful  efforts  to  induce  the  state  legislature 
of  that  wealthy  but  extremely  economical  State  to  appropriate  a  large 
sum  of  money  to  relieve  New  Jersey  from  its  characteristically  trar 
ditional  pest  —  we  must  hold  up  our  hands  in  admiration. 

The  work  that  has  been  done  by  the  state  entomologists,  and  the 
entomologists  of  the  state  agricultural  experiment  stations,  as  a  whole, 
impresses  one  as  being  of  tihe  highest  practical  value.  While  admirar 
ble  pieces  of  scientific  investigation  have  been  carried  out,  the  main 
fades  of  the  work  as  a  whole  is  almost  rampant  with  practicality.  The 
present  condition  of  our  knowledge  of  insecticides  and  systems  of  in- 
spection is  due  for  the  most  part  to  these  workers,  and  the  reading  of 
the  reports  of  the  meetings  of  the  Association  of  Economic  Entomolo- 
gists can  not  fail  to  impress  one,  not  only  with  the  earnestness  and 
vivid  interest  of  these  men  in  their  work,  but  also  of  their  entirely 
competent  grasp  of  the  subject. 

The  speaker  has  visited  personally  many  of  the  European  workers 
in  economic  entomology  during  the  past  five  or  six  years,  and  every- 
where has  heard  eulogistic  comments  upon  the  work  of  the  experiment- 
station  entomologists  of  the  United  States.  Sigismond  Mokschetsky 
said  to  me  last  May  at  Simferopol,  in  the  Crimea :  "  I  know  them  all 
—  Slingerland,  Smith,  Forbes,  Felt,  Webster,  Osbom  —  what  men  I " 

Other  Countries 

In  most  of  the  other  countries  of  the  world  conditions  are  so 
different  from  those  in  the  United  States  as  to  call  for  a  treatment  dif- 
fering in  some  degree,  greater  or  less,  from  that  found  available  in  the 
United  States.  Many  of  the  principal  insect  pests  are  cosmopolitan ; 
many  are  so  similar  in  their  habits  as  to  allow  the  use  of  identical  or 
similar  remedial  measures.  In  each  separate  faunal  zone,  however, 
are  individual  crop  pests  necessitating  original  observation  and  investi- 
gation and  frequently  novel  remedies.  In  the  more  newly  settled  coun- 
tries, where  agricultural  holdings  are  large,  the  necessities  become  more 
nearly  like  those  of  the  United  States ;  thus,  in  Australia  many  prob- 
lems are  similar,  and  the  same  may  be  said  of  South  Africa,  and  espe- 
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cially  of  the  new  colony  of  the  Transvaal,  and  the  same  remark  may  be 
extended  in  all  probability  to  those  portions  of  Asia  whioh  are  being 
agriculturally  developed  by  the  Russian  people.  But  in  the  older 
countries,  and  especially  in  the  European  countries,  the  problem  is 
different.  In  the  Address  of  thirteen  years  ago  the  speaker  quoted  the 
chief  of  the  Agricultural  Section  of  the  Ministry  of  Agriculture  of 
Prussia,  who  in  conversation  with  the  writer  in  (he  summer  of  1893 
argued  that  Grermany  does  not  need  to  employ  general  economic 
entomologists,  that  its  experiment  stations  seldom  receive  applica- 
tions for  advice  upon  entomological  topics.  Special  insects,  it  is  true, 
occasionally  spring  into  prominence ;  the  Phylloxera  is  one  of  these, 
and  in  an  emergency  like  the  Phylloxera  outbreak  the  work  is  handled 
by  special  conmiissions.  Evux>pean  nations  can,  therefore,  afford  to 
let  the  problem  alone  to  a  much  greater  extent  than  the  United 
States  for  the  reason  that  it  is  infinitely  less  important  with  them  than 
with  us. 

From  several  recent  European  visits  the  writer  is  inclined  to  agree, 
in  a  measure,  with  this  statement  of  conditions.  Nevertheless,  there 
is  a  very  considerable  need  in  practically  all  of  the  countries  of  Europe 
for  modem,  careful  work  in  economic  entomology.  A  certain  per- 
centage, and  it  may  be  a  very  considerable  percentage,  of  many  crops 
is  lost  each  year  through  failure  to  carry  on  entomological  work  on  a 
much  larger  scale  than  was  done  in  1894,  or  than  is  done  at  the 
present  date.  Scattered  here  and  there  through  Europe,  as  will  appear 
from  subsequent  paragraphs,  there  is  an  occasional  official  economic 
entomologist,  but,  without  exception,  these  men's  hands  are  tied  for 
want  of  financial  backing.  Their  salaries  are,  without  exception, 
extremely  small  from  the  American  standpoint.  They  are  working 
almost  single-handed,  and  their  opportunities  are  discouragingly  small 
in  face  of  the  results  that  might  be  otherwise  accomplished.  They  all 
feel  these  conditions  strongly,  and  they  all  realize  the  great  desira- 
bility for  their  government's  good  of  additional  opportunities  for  care- 
ful work.  They  are  appeal^  to  so  often,  in  fact,  by  agriculturists  as 
to  indicate  the  certain  value  of  added  facilities,  and  I  am  convinced 
that  practically  all  European  governments  are  losing  opportunities  to 
save  agriculture  from  a  sure  annual  loss  which  may  be  greater  or 
smaller,  according  to  the  conditions. 

In  the  1894  Address  the  writer  considered  the  conditions  in  the 
following  countries  in  order:  Canada,  Great  Britain,  Germany, 
Austria  Hungary,  Italy,  France,  Spain,  The  Netherlands,  Norway, 
Sweden,  Russia  (including  Finland),  Brazil,  Chile,  India,  South 
Africa,  Australia,  British  West  Indies,  New  Zealand  and  the  Hawaiian 
republic.  In  anticipation  of  the  preparation  of  this  Address  the  officers 
in  these  countries  just  mentioned  were  written  to  with  the  request  that 
they  send  information  as  to  the  present  condition  of  the  work  in 
economic  entomology  in  their  countries.    The  same  request  was  sent 
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to  practically  all  of  the  foreign  members  of  the  Association  of  Economic 
Entomologists.  Many  of  diem  have  responded,  and  from  these  re- 
sponses and  from  personal  visits  to  some  of  the  countries,  together 
with  some  knowledge  of  publications  which  have  been  issued,  the 
following  statements  may  be  made: 

Canada 

James  Fletcher,  in  1894  holding  the  position  of  entomologist  and 
botanist  to  the  Dominion  Experimental  Farms  System  of  Canada, 
with  headquarters  at  Ottawa,  still  retains  the  same  position.  At  that 
time  he  worked  alone.  Since  then  he  has  been  given  two  assistants. 
He  publishes  annually  a  report,  which  has  constantly  improved  in 
character.  The  agriculture  of  Canada  has  developed  enormously  in 
the  intervening  thirteen  years.  The  country  has  become  richer,  and 
more  funds  have  been  devoted  to  the  Experimental  Farms  System. 
The  amount  that  has  been  devoted  to  work  in  economic  entomology 
has  been  by  no  means  commensurate  with  the  demands  of  the  situation. 
As  was  the  case  in  1894,  Canada  is  little  behind  the  United  States  in 
her  knowledge  of  and  application  of  methods  in  economic  entomology, 
but  this  is  due  largely  to  the  fact  of  Fletcher's  energy,  broad  grasp  of 
the  subject  and  indefatigability  as  a  writer  and  public  speaker.  It  is 
in  this  way  that  Canada,  in  wluch  the  agricultural  conditions  are  quite 
similar  to  those  in  the  northern  portion  of  the  United  States,  has  been 
able  to  adopt  and  assimilate  American  methods  and  keep  herself 
abreast  of  the  times.  Her  problems  in  economic  entomology,  how- 
ever, deserve  a  better  support  from  the  government  than  they  have 
received.  Fletcher  should  have  opportimities  for  research  work.  He 
b  so  well  informed  a  man,  and  so  capable  of  handling  problems, 
given  greater  assistance  and  the  proper  funds,  that  it  is  a  pity  that  he 
has  not  received  a  greater  financial  support  from  his  government. 

Mexico 

No  work  in  economic  witomology  was  done  in  Mexico  down  to  the 
year  1900.  There  was  then  founded  a  Commission  of  Agricultural 
Parasitology,  which  included  work  both  with  injurious  insects  and  with 
plant  diseases.  It  was  placed  in  charge  of  A.  L.  Herrera,  a  trained 
man  of  science,  who  has  since  remained  its  chief.  The  peculiar  con- 
ditions in  Mexico  have  caused  the  commission  to  be  ckiefly  occupied 
with  the  vulgarization  of  methods  already  known  in  order  to  combat 
agricultural  pests,  and  only  recently  has  it  been  occupied  in  perfecting 
these  methods  where  possible,  having  ended,  to  a  certain  extent,  its 
labor  of  propagandism.  It  would  have  been  illogical  for  the  com- 
mission to  have  been  occupied  with  exact  studies  in  entomology  and 
in  investigations,  while  the  people  of  the  country  were  ignorant  of  the 
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most  common  methods  of  defense,  such  as  the  Bordeaux  mixture, 
kerosene  emulsion,  arsenical  mixtures  and  so  on.  Herrera  has  had  to 
deal  with  an  unusual  class  of  people,  and  he  has  handled  the  situation 
with  great  tact  and  efficiency.  He  has  published  many  papers  of 
practical  value,  and  has  succeeded  in  spreading  exact  knowledge 
of  remedies  that  has  been  of  great  assistance  to  the  growers  of  his 
country. 

Nevertheless,  entomological  investigations  have  been  made  when 
the  necessity  seemed  strong.  The  personnel  of  his  force  oxisists  ot 
the  chief,  three  traveling  agents,  a  traveling  agent  charged  with 
vaccination  and  the  distribution  of  vaccine  for  domestic  animals,  a 
curator  of  collections,  a  designer,  an  entomological  assbtant,  two  bac- 
teriological assistants,  two  clerks  and  two  boys.  The  whole  amount 
appropriated  for  all  of  the  expense  of  this  work,  including  the  salaries, 
apparatus,  etc.,  is  $31,650.50  annually.  This  amount  is,  of  course,  in 
Mexican  money,  and  while  the  Mexican  dollar  has  a  relatively  small 
value,  it  has  in  Mexico  a  purchasing  value  equivalent  to  that  of  the 
American  dollar.  Herrera  keeps  in  constant  touch  with  the  work 
being  done  in  economic  entomology  in  other  parts  of  the  world,  and 
with  his  high  intelligence  and  great  scientific  talents  b  undoubtedly 
one  of  the  most  valuable  public  servants  in  Mexico,  and  one  who  de- 
serves much  greater  support  at  the  hands  of  his  government 

Great  Brftain 

In  regard  to  conditions  in  Great  Britain  there  have  been  changes 
since  1894.  Charles  Whitehead,  still  living  at  Barminghouse,  Black- 
stone,  has  resigned  his  position  as  technical  adviser  to  the  Board  of 
Agriculture,  and  Eleanor  Ormerod,  for  many  years  honorary  consult- 
ing entomologist  to  the  Royal  Agricultural  Society,  has  died.  Miss 
Ormerod's  services  to  British  agriculture  were  very  great  and  her 
death  was  a  distinct  loss  to  economic  entomology.  Official  recogni- 
tion of  this  science  in  Great  Britain  is  slight.  The  Board  of  Agricul- 
ture, with  offices  at  No.  4  Whitehall  Place,  London,  does  not  deal  with 
this  subject  in  a  separate  branch,  but  it  b  includwi  among  the  other 
duties  of  the  Intelligence  Division.  The  staflf  of  thb  divbion  consbts, 
besides  the  assbtant  secretary,  of  one  head,  three  assbtant  heads,  five 
clerks  and  three  boys.  There  b  also  a  zoological  adviser  who  is  paid 
by  the  divbion,  but  the  whole  of  whose  time  b  not  occupied  by  services 
to  the  board.  There  b  no  laboratory  attached  to  the  board.  At 
present  the  board  has  no  statutory  powers  to  deal  with  insect  infesta- 
tions, except  those  conferred  by  the  destructive  insects  act  of  1877, 
which  deals  only  with  the  Colorado  beetle,  but  a  bill  to  extend  the 
powers  of  the  board  to  all  destructive  insects  b  now  before  Parliament 
and  b  expected  to  become  a  law  very  shortly. 

The  sum  provided  by  the  annual  parliamentary  vote  for  advice  in 
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economic  entomology  is  two  hmidred  pounds.  The  zoological  adviser 
is  Cecil  Warburton,  whose  headquarters  are  at  Cambridge,  England, 
where  he  has  the  accommodation  of  a  zoological  laboratory  and  a 
collection  of  economic  specimens. 

There  is  some  good  economic  work  done  at  the  University  of  Bir- 
mingham by  Walter  E.  CoUinge,  and  at  the  Southeastern  Agricultural 
College  at  Wye,  Kent,  by  F.  V.  Theobald.  Collinge's  work  provides 
a  consulting  and  experimental  research  department  in  connection  with 
economic  zoology,  and  his  work  includes  answering  inquiries  from 
farmers,  identifying  farm  pests,  the  carrying  out  of  experiments  with 
insecticides  and  fungicides,  investigations  in  life  histories  of  insects, 
lectures  before  agricultural  and  horticultural  organizations,  inspecting 
orchard  and  farm  crops  and  the  publication  of  the  results.  The 
department  has  been  well  planned,  and  its  staff  will  include,  when 
complete,  a  director  and  economic  zoologist,  economic  mycologist  and 
clerical  or  other  assistants. 

In  the  Southeastern  Agricultural  College  at  Wye  economic  ento^ 
mology  was  taken  up  in  1894.  Theobald  was  appointed  in  charge, 
and  he  has  since  carried  the  work  along  with  the  help  of  senior  students 
only.  Theobald  has  a  good  laboratory  and  equipment  and  has  a  large 
advisory  correspondence  from  all  parts  of  the  kingdom  and  empire. 
He  publishes  an  annual  report  and  lectures  before  farmers'  clubs  and 
at  definite  agricultural  centers.  The  college  at  Wye  trains  many 
students  in  agriculture  from  all  parts  of  the  British  empire.  The 
result  is  that  Theobald  lectures  upon  tropical  insects  as  well  as  upon 
the  insects  of  Great  Britain.  Some  of  these  graduate  students  have 
been  sent  out  to  the  colonies  to  take  charge  of  entomological  work,  and 
inasmuch  as  this  work  will  not  receive  especial  consideration  in  this 
Address,  it  might  be  well  to  mention  that  Harold  H.  King  has  been 
made  the  entomologist  to  the  Sudan  government ;  Frank  Wilcox  has 
been  appointed  entomologist  to  the  Khedival  A^cultural  Society  at 
Cairo,  Egypt,  and  C.  W.  Mason  has  received  an  appointment  in  the 
Imperial  Department  of  Agriculture  in  India.  The  work,  however,  by 
reason  of  which  Theobald  is  most  prominent  in  the  eyes  of  the  scientific 
world  at  present  is  his  great  monograph  of  the  mosquitoes  of  the  world, 
of  which  four  volumes,  and  one  volume  of  plates,  have  already  been 
published  under  the  auspices  of  the  British  Museum  of  Natural 
History  for  the  immediate  purpose  of  enabling  investigators  of  the 
transfer  of  disease  by  insects  to  determine  the  culicids  under  investiga- 
tion. From  1901  to  1904  Theobald  was  superintendent  of  the  short- 
lived department  of  economic  zoology  of  the  British  Museum  of 
Natural  History. 

The  establishment  within  a  year  or  two  of  the  Association  of 
Economic  Biologists  in  England,  and  the  founding  of  the  Journal  of 
Economic  Biology y  should  be  mentioned  as  important  steps  in  the  work 
in  economic  zoology  in  England.    Another  unportant  step  has  been 
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the  appointment  of  R.  Newstead  to  the  School  of  Tropical  Medicine  at 
Liverpool.  The  necessity  of  this  appointment  was  early  seen  by 
Rupert  Boyce,  Sir  Patrick  Manson  and  Ronald  Ross,  and  in  fact 
Newstead's  appointment  was  the  first  of  its  nature  that  has  been  made 
to  an  institution  for  medical  research  following  the  discovery  of  the 
tremendous  importance  of  insects  in  the  carriage  of  disease.  It  may 
be  incidentally  mentioned  that  at  about  the  same  time  the  writer  was 
appointed  consulting  entomologist  to  the  Public  Health  and  Marine 
Hospital  Service  of  the  United  States  for  the  same  reason.  At  Liver- 
pool Newstead  has  excellent  laboratory  facilities  in  the  famous 
Thompson- Yeates  laboratories,  gives  lectures  upon  entomology  and 
does  the  whole  strictly  entomological  work  connected  with  the  most 
important  investigations  being  carried  on  under  that  admirable 
institution. 

Ireland 

As  I  am  informed  by  George  H.  Carpenter,  of  Dublin,  a  great 
advance  in  the  work  of  economic  entomology  in  Ireland  resulted  from 
the  establishment  of  the  government  department  of  agriculture  and 
instruction  in  1900.  To  this  department  were  then  transferred  many 
of  the  scientific  institutions  of  Dublin  where  biological  research  was 
carried  on,  including  the  Museum  of  Science  and  Art  and  the  Royal 
College  of  Science.  The  museum  staff  to  Vhich  Carpenter  belonged, 
as  stated  in  the  1894  address,  was  in  the  habit  of  receiving  and  answer- 
ing inquiries  about  injurious  insects,  and  with  the  establishment  of 
the  department  the  number  of  these  inquiries  increased.  Popular 
leaflets  on  conmion  insect  pests  were  drawn  up  upon  request  for  the 
use  of  farmers  throughout  the  country.  In  1901  Carpenter  was 
appointed  lecturer  on  zoology  at  the  Royal  College  of  Science  for 
Ireland,  and  entomology  forms  an  important  feature  of  the  zoological 
course.  In  1904  he  was  made  a  professor  in  the  college.  He  now 
possesses  good  laboratory  facilities  and  funds  for  the  purchase  of 
material.  Carpenter  still  retains  the  post  of  consulting  entomologist 
to  the  Royal  Dublin  Society,  which  has  issued  economic  proceedings 
since  1901,  and  these  have  formed  an  excellent  channel  for  the  publica- 
tion of  Carpenter's  yearly  reviews  of  injurious  animals  of  Ireland. 
One  feature  of  the  work  of  the  Dublin  Museum  which  it  is  said  has 
been  shown  to  be  valuable  is  the  preparation  of  small  collections  of 
injurious  insects  for  circulation  in  schools  and  elsewhere  throughout 
the  country. 

Germant 

Conditions  have  not  changed  to  any  great  degree  in  Germany  in  the 
past  thirteen  years.    Hohimg  still  remains  dim*tor  of  the  station  in 
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Halle,  where  he  has  excellent  laborat(^  facilities,  and  an  insectary  for 
experimental  work.  At  the  Forest  School  at  Tharandt  excellent  in- 
struction in  regard  to  forest  entomology  b  given,  and  there  is  carried 
on  a  large  correspondence  with  foresters  and  proprietors  of  estates 
throughout  the  empire.  The  entomologist  at  Tharandt  is  Behr. 
Arnold  Jacoby,  the  former  professor  of  zoology,  has  been  appointed 
director  of  the  zoological  and  ethnological  museum  at  Dresden,  and 
no  longer  gives  his  attention  to  forest  zoology.  He  has  been  succeeded 
by  Escherich. 

At  Eberswalde  bei  Berlin  the  Forest  School  is  active  under  the 
charge  of  Eckstein,  who  takes  a  vivid  interest  in  matters  relating  to 
forest  zoology.  Visiting  this  school  in  May  of  the  present  year,  the 
writer  was  delighted  to  find  the  old  collections  of  Ratzeburg  preserved 
in  the  most  excellent  condition,  and  his  types  receiving  admirable  care. 
Questions  of  agricultural  entomology  are  referred  to  these  three  stations 
and  others,  but  there  are  no  especial  institutions  for  the  investigation 
of  the  life  histories  of  injurious  insects. 

The  conditions  that  exist  in  Germany  hold  for  Austria. 


Hungary 

As  stated  in  1894,  the  Royal  Entomological  Station  at  Budapest, 
then  under  the  direction  of  Geza  Horvath,  was  founded  by  the  govern- 
ment in  1881  as  a  Phylloxera  station,  and  as  the  Phylloxera  problem 
became  more  and  more  elucidated,  and  the  means  of  defense  against 
the  scouree  was  reduced  to  a  practical  basis,  the  work  of  the  station 
became  dn-ected  more  and  more  towards  noxious  insects  in  general  and 
thus  became  an  official  bureau  of  investigation  in  economic  ento- 
mology,  a  result  due  to  Horvath's  administration  and  to  the  wisdom  of 
the  Hungarian  government.  Since  the  last  Address  Horvath  has  re- 
signed hS  position  to  accept  the  post  of  director  of  the  Royal  Natural 
History  Museum  in  Budapest,  and  has  been  succeeded  in  charge  of  the 
Entomological  Station  by  his  able  assistant,  Josef  Jablonowski,  who 
at  present  has  admirably  fitted  offices  in  the  viticultural  station,  some 
three  miles  from  Pesth,  and  with  a  small  corps  of  assistants  is  doing 
most  excellent  work.  He  has  been  devoting  much  of  his  attention  of 
late  to  the  insects  injurious  to  the  sugar  beet,  and  to  the  invasions  of 
locusts  into  Hungary  from  the  south.  Jablonowski  is  an  admirably 
informed  man,  and  it  is  due  to  his  suggestion  that  the  writer  introduced 
upon  a  very  large  scale  the  wintering  nests  of  the  brown-tail  moth  into 
Massachusetts.  Prior  to  this  suggestion  it  was  not  known  or  expected 
that  these  newly  hatched  hibernating  larvae  would  contain  parasites; 
but  such  is  the  fact,  and  hundreds  of  thousands  of  these  parasites  have 
emerged  from  introduced  nests  in  Massachusetts,  and  are  probably 
breeding  here  now. 
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Italy 

In  1894  the  Royal  Station  of  Agricultural  Entomology  at  Florence 
was  directed  by  Adolfo  Targioni-Tozzetti,  assisted  by  Giacomo  del 
Guercio  and  Antonio  Berlese.  Since  that  time  there  have  been  changes. 
Berlese  went  to  Portici,  near  Naples,  to  take  the  professorship  of  eco- 
nomic zoology  in  the  Royal  Agricultural  School.  While  there,  with  the 
assistance  of  Filippo  Silyestri  and  G.  Leonardi,  he  did  some  of  the 
best  work  that  has  been  done  in  entomology  in  general,  and  in  its 
application  to  agriculture.  His  publications  have  covered  a  wide 
field,  and  were.admirably  and  thoroughly  done  at  the  expense  of  great 
labor,  and  with  very  slight  remuneration  from  the  government.  With 
the  death  of  Targioni-Tozzetti  in  1902,  Berlese  was  made  Director  of 
the  Royal  Station  for  Agricultural  Entomology  at  Florence,  and 
Silvestri  succeeded  him  in  the  chair  at  Portici,  the  latter  retaining 
Leonardi  as  hb  principal  assistant.  The  technical  sta£F  of  the  Ento- 
mological Station  at  Florence  is  now  as  follows :  Director,  A.  Berlese ; 
assistants,  G.  del  Guercio  and  C.  Ribaga ;  in  addition  Paoli  is  engaged 
for  work  against  the  oUve  flv,  and  there  is  a  subordinate  staflf  which 
consists  of  a  curator,  a  preparator,  a  mechanic  and  a  gardener.  The 
funds  for  the  carrying  on  of  the  station  amount  to  16,000  lire  per 
annum.  In  addition  to  these  funds  the  government  provides  separate 
sums  for  experiments  in  different  parts  of  the  countay,  and  for  study 
in  the  different  provinces,  and  sometimes  these  funds  are  large.  Just 
at  present  large  appropriations  have  been  made  for  the  study  of  the 
olive  fly,  and  means  to  combat  it.  The  station  is  intensely  occupied 
with  this  problem  at  the  present  time,  and  field  experiments  are  being 
made  in  various  parts  of  the  olive  regions  of  the  kingdom.  Professor 
Berlese  informs  the  writer  that  in  Maremma  in  Tuscany  the  results 
already  are  satisfactory,  and  this  year  it  is  expected  that  Ae  work  will 
be  completed. 

At  Portici  the  work  includes  instructions  in  entomology,  experi- 
mental work  in  cooperation  with  the  station  at  Florence,  and  a  great 
deal  of  original  work  of  the  highest  character  is  being  carried  on  by 
both  Silvestri  and  Leonardi.  The  force  consists  of  these  two  men, 
Silvestri  being  director,  as  previously  stated,  another  assistant,  G. 
Martelli,  and  a  preparator.  The  laboratories  at  Portici  are  commo- 
dious, and  the  historic  old  palace  in  which  they  are  situated  is  sur- 
rounded with  beautiful  gardens. 


France 

In  1894  a  Department  of  Agricultural  Entomology  had  just  been 
founded  at  the  Agronomical  Institute  at  Paris.  This  office  has  since 
been  termed  the  entomological  station,  and  Paul  Marchal  has  been  at 
its  head  working  under  the  Ministry  of  Agriculture. 
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The  headquarters  of  the  station  are  still  at  the  National  Agro- 
nomical Institute,  No.  16  Rue  Claude  Bernard.  Marehal  is  well 
equipped  for  the  important  work  upon  which  he  is  engaged ;  but  he 
has  but  one  assistant,  who  is  not  a  scientific  man,  but  whom  he  has 
trained  himself  to  act  as  a  preparator;  he  has  one  small  room  and  two 
halls;  no  experimental  field,  the  most  of  his  observations  having  been 
carried  on  in  his  home  garden  in  the  suburbs  of  Paris,  where  his  rear- 
ing cages  are  established.  Marehal  is  also  professor  of  zoology  as 
applied  to  agriculture  in  the  Agronomical  Institute,  and  in  this  work 
he  has  a  tutor  (Gr^naux)  who  is  busy  with  the  students  in  the  prepara- 
tion for  their  examinations,  and  in  the  arrangement  of  their  courses. 
As  professor  of  zoology  Marehal  gives  thirty  courses,  one  and  one  half 
hour  each,  twice  a  week  from  October  15  to  February  15.  The  greater 
part  of  these  courses  is  reserved  for  insects ;  three  lessons  are  given  to 
silk  culture ;  three  to  bee  culture,  and  one  to  oyster  culture.  There  are 
a  special  lecturer  on  fish  culture,  and  a  professor  of  zootechny.  The 
work  that  has  been  accomplished  by  Marehal  under  these  adverse 
circumstances  is  remarkable ;  his  latest  labors,  resulting  in  the  establish- 
ment of  the  phenomenon  of  polyembryatiy  in  certain  parasitic  insects, 
are  of  profound  scientific  value,  and,  as  we  have  already  found  in  this 
country,  possess  a  most  important  practical  bearing  upon  the  use  of 
parasites. 

Other  work  in  economic  entomology  is  carried  on  in  France  under 
the  government  at  several  points.  Valery  Mayet  at  the  National 
Agricultural  School  at  Montpellier  still  teaches  economic  entomology, 
and  continues  his  experimental  work.  Here,  however,  is  the  same  old 
story,  insufficient  laboratory  space,  and  not  even  a  single  assistant; 
half  of  the  time  of  one  assistant  only. 

At  Rennes,  C.  Houlbert  also  teaches  economic  entomology  in  con- 
nection with  his  work  at  the  University  at  Rennes.  At  Rouen,  Paul 
Noel  is  chief  of  a  small  station  for  economic  entomology,  supported  in 
part  by  the  government,  and  in  part  by  the  department.  Here  he  con- 
ducts investigations  of  the  insects  of  that  region,  has  built  up  a  large 
collection,  and  is  the  consulting  entomologist  for  the  agriculturists 
of  his  department. 

In  her  north  African  colonies  France  has  met  with  a  serious  problem 
in  the  invasion  of  locusts  and  crickets  from  the  south,  and  has  con- 
ducted for  a  number  of  years  an  extensive  investigation  that  has 
culminated  in  the  publication  of  an  enormous  volmne  of  the  greatest 
interest,  prepared  under  the  direction  of  the  director  of  the  work, 
J.  Eunckel  d'Herculais. 

The  Netherlands 

J.  Ritzema  Bos  is  still  the  economic  entomologist  of  Holland. 
Down  to  1906  he  conducted  a  phyto-pathological  laboratory  in  Am- 
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sterdam;  this  was  a  private  institution,  but  had  received  grants  fiom 
the  treasury,  and  really  constituted  the  governmental  service  in  this 
direction  for  the  Netherlands.  In  1902  the  speaker  visited  this 
laboratory,  and  found  it  well  located,  with  interesting  collections.  In 
1906,  however,  the  government  opened  an  institution  for  phyto- 
pathology in  connection  with  the  agricultural  college  at  Wageningen. 
The  old  laboratory  in  Amsterdam  still  exists  as  a  small  private  institu- 
tion. The  work  of  the  new  institution  is  in  the  hands  of  the  director, 
who  has  one  assistant,  one  temporary  assistant,  an  amanuensis  and  a 
laborer.  Their  work  covers  every  part  of  phyto-pathology,  as  well  in 
entomology  as  in  mycology,  in  relation  to  agriculture,  horticulture  and 
silviculture;  and  under  this  oflSce  is  done  the  inspection  work  of  the 
government. 

In  her  East  Indian  colonies  the  Netherlands  government  has 
done  some  very  good  work  in  economic  'entomology  in  the  investiga- 
tion of  the  insects  injurious  to  sugar  cane;  the  insect  enemies  and 
diseases  of  this  important  crop  in  Java  have  been  studied  with  care 
at  the  Dutch  experiment  stations,  and  excellent  reports  have  been 
published. 

Norway  and  Sweden 

In  these  two  countries  the  conditions  have  not  changed^  and  the 
work  goes  on  about  as  described  in  1894. 


Belgium 

Belgium  has  long  been  the  home  of  many  well-known  entomologists, 
and  in  the  publications  of  the  Entomological  Society  of  Belgium  are  to 
be  found  many  papers  of  interest  from  the  standpoint  of  economic 
entomology.  The  administration  and  the  Superior  Council  of  the 
Forests  ot  Belgium  have  been  occupied  for  a  number  of  years  with  a 
condition  involving  an  unusual  development  of  insects  injurious  to 
wooded  properties  and  domains,  and  G.  Severin,  curator  of  the  Royal 
Natural  History  Museum  of  Brusseb,  has  been  officially  charged  by 
the  Belgian  government  to  study  this  especial  situation  in  order  to  pro- 

E3e  remedies.    Severin  is  a  man  of  great  acquirements  in  natural 
tory  in  general,  as  well  as  a  trained  entomologist,  and  his  work  in 
this  direction  cannot  fail  to  be  of  great  value  to  his  government. 

There  is  in  Belgium  an  entomological  service  of  the  State  Agri- 
cultural Institute,  and  in  the  Bulletin  de  T Agriculture,  Part  II.,  1907, 
there  appears  a  long  article  upon  the  observations  of  this  service  for 
1906,  by  Poskin.  In  this  report  is  given  a  comprehensive  account  of 
the  whole  subject  of  insecticides. 
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Russia 

In  Russia  rather  more  work  is  being  done  than  in  most  of  the  other 
European  countries.  The  necessity  for  work  in  economic  entomology 
in  this  country  is  greater  than  in  the  small  countries,  as  pointed  out  in 
a  previous  paragraph.  Under  the  direct  charge  of  J.  Portschinsky,  of 
the  Ministry  of  Agriculture,  stations  have  been  established  in  different 
parts  of  the  empire  where  entomological  work  of  considerable  value  is 
being  carried  on. 

During  the  present  year  the  speaker  has  visited  three  of  these 
stations,  one  at  Kieff  in  the  province  of  Kieff,  imder  the  charge  of 
Waldemar  Pospielow;  one  at  Kischeneff  in  Bessarabia,  under  the 
charge  of  Isaac  Krassiltchik ;  and  one  at  Smferopol  in  the  Crimea, 
under  the  charge  of  Sigismond  Mokschetsky.  All  of  these  men  are 
trained  observers,  and  are  doing  excellent  work. 

Pospielow  is  connected  with  the  University  at  Kieff,  and  is  known 
for  his  researches  on  the  influence  of  certain  physical  conditions  upon 
the  color  of  Lepidoptera.  Krassiltchik  has  a  private  station  in  Kischen- 
eff;  Mokschetsky  is  the  director  of  the  museum  of  natural  history  in 
Simferopol,  an  institution  which  he  has  built  up  by  his  own  labors. 
He  has  conducted  many  investigations  in  economic  entomology,  and 
has  published  a  number  of  papers  of  value.  Entirely  through  his 
influence  the  Crimea,  a  most  fertile  country,  in  which  great  attention 
is  devoted  to  fruit  growing,  was  perhaps  the  earliest  locality  in  Europe 
in  which  American  ideas  in  economic  entomology  were  introduced. 
It  was  most  interesting  to  walk,  as  I  did  on  several  occasions,  through 
enormous  orchards  and  see  everywhere  American  spraying  machinery, 
and  see  the  crops  in  as  good  condition  as  they  could  possibly  be  found 
in  the  most  up-to-date  region  in  the  United  States. 

There  are  other  similar  stations  subsidized  by  the  government  in 
different  parts  of  Russia,  and  the  problem  of  injurious  insects  is 
handled  with  intelligence,  with  a  full  knowledge  of  what  has  been  done 
in  other  countries,  and  with  much  ingenuity. 

In  addition  there  is  at  St.  Petersburg  a  zoological  laboratory  and 
museum  under  the  Royal  Institute  of  Forestry,  of  which  M.  Cholod- 
kowsky,  a  man  of  high  ability,  is  director.  He  has  two  assistants  and 
handles  all  matters  relating  to  forest  zoology.  The  assistants  are 
Head  Forester  A.  Ssilantjew,  and  Head  Forester  P.  Spessiwzew. 


Finland 

This  administrative  province  of  Russia  had  made  an  attempt  at 
the  time  of  the  writing  of  the  last  Address  to  secure  the  estabUshment 
of  an  entomological  experiment  station.  This  attempt  later  proved  to 
be  successful.    For  some  years  the  most  advanced  agricultural  in- 
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struction  has  been  given  at  the  University  at  Helsingfors,  where 
economic  entomology  is  represented  by  a  special  teacher  who  gives 
regular  courses  of  lectures,  is  at  the  head  of  a  special  laboratory,  is  the 
government  entomologist,  and  as  such  is  the  head  of  the  entomological 
department  of  the  agricultural  experiment  station.  This  institution 
thus  far  has  had  only  provisional  quarters,  but  will  be  more  fully 
organized  and  equipped  in  the  autumn  of  1908.  In  the  new  building 
to  be  erected  ample  laboratory  space  will  be  given,  and  a  spacious 
insectary  will  be  erected,  with  an  isolated  building  for  fumigation 
experiments.  Enzio  Renter,  a  well-known  writer  on  economic  ento- 
mology, is  in  charge  of  this  work  in  Finland ;  and  with  the  additional 
facilities  expected  there  are  sure  to  be  more  than  commensurate  results 
of  practical  value. 

South  America 

Outside  of  the  field  of  the  investigation  of  mosquitoes,  excellent 
work  on  which  has  been  done  by  Lutz  and  Goeldi  of  Brazil,  the 
situation  is  much  the  same  as  it  was  in  1894.  Since  that  time,  how- 
ever, an  important  investigation  of  the  locust  ravages  in  Argentina  was 
made  by  a  North  American  entomologist,  Lawrence  Bruner,  whose 
expenses  were  paid  by  an  association  of  merchants  in  Buenos  Aires. 
An  admirable  report  was  published,  which  does  credit  to  American 
entomology.  Subsequently  the  well-known  French  entomologist,  J. 
Kunckel  d'Herculais,  was  employed  to  continue  these  investigations, 
which  he  did  with  the  success  to  be  expected. 

Quite  recently  the  government  of  Chile  has  undertaken  systematic 
work  in  economic  entomology,  and  has  appointed  a  young  native 
scientific  man,  M.  Rivera,  professor  of  entomology  at  the  Santiago 
Agricultural  School,  to  take  charge  of  this  work,  and  to  establish  a 
government  research  laboratory  at  Santiago.  Rivera  has  just  visited 
Europe  and  is  at  present  in  the  United  States,  informing  himself  as  to 
methods,  books,  machinery  and  equipment,  and  is  arranging  for  an 
exchange  of  useful  insects  between  Chile  and  the  other  countries. 

In  the  1894  address  the  important  earlier  work  of  Edwyn  C.  Reed 
was  mentioned  and  it  is  interestmg  to  note  that  at  the  present  time 
his  second  son,  Charles  S.  Reed,  natural  history  professor  at  the 
Concepcion  Agricultural  and  at  other  colleges,  is  interesting  himself  in 
economic  entomology.  He  has  written  several  pamphlets  on  noxious 
insects  and  on  Chilean  birds  that  have  been  published  at  his  own 
expense. 

South  Africa 

Great  progress  has  been  made  in  this  part  of  the  world  since  the 
publication  of  the  last  Address.    In  1895  C.  P.  Lounsbury,  of  Massa- 
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chusetts,  was  appointed  entomologist  to  the  government  of  the  Gipe 
Colony.  His  work  was  excellent  from  the  start.  He  has  conducted 
investigations  of  a  high  value  to  the  colony,  and  to  the  whole  of  South 
Africa.  Governmental  confidence  in  his  ability  has  been  shown  by 
increased  facilities;  he  now  has  four  assistants,  a  clerk,  five  hands  for 
rough  work,  and  various  other  assistants  when  needed ;  this  is  for  the 
ordinary  work  of  the  oflSce.  In  addition  legislative  action  provides  for 
nursery  inspection  and  restrictions  on  the  transportation  of  plants,  and 
in  other  directions.  The  animal  diseases  experiment  station  is  entirely 
under  the  charge  of  the  oflBce,  and  sums  have  been  appropriated  for 
locust  destruction.  The  work  done  by  Lounsbury  has  been  of  most 
varied  character,  and  of  the  most  excellent  quality;  his  investigation 
of  the  South  African  ticks  has  been  of  striking  value,  and  a  model 
for  investigators  in  other  parts  of  the  world. 

In  Natal  Claude  Puller  ranks  as  government  entomologist  and 
chief  locust  oflBcer ;  he  is  also  a  chief  inspector  under  the  plant  diseases 
act,  and  the  officer  administering  the  burr-weeds  and  Scotch-thistle 
exterminating  acts.  He  has  two  assistants,  A.  E.  Kelley  and  von 
Pelser  Berensberg.  Berensberg  is  located  at  Durban,  and  is  port 
examining  officer,  inspecting  and  treating  all  shipments  of  fruit  and 
fruit  trees  and  plants  entering  the  port  for  Natal  and  the  inland 
colonies.  The  laboratory  faciUties  are  poor,  but  excellent  work  has 
been  done  by  Fuller  and  his  force. 

In  the  newly  established  colony  of  the  Transvaal  a  department  of 
agriculture  was  immediately  established,  and  C.  B.  Simpson,  of  the 
force  of  the  Bureau  of  Entomology  at  Washington,  was  sent  out 
to  take  the  appointment  as  entomologist.  Simpson  did  excellent 
work  from  the  very  outset;  he  took  hold  of  the  problems  existing  — 
and  some  of  them  were  very  serious  —  with  energy,  enthusiasm  and 
tact  beyond  praise.  His  success  was  great;  he  secured  the  confidence 
of  his  constituency  at  once ;  he  was  given  assistance ;  he  conducted  in- 
vestigations on  the  ordinary  crop  pests,  upon  the  malarial  mosquitoes, 
and  finally  was  given  a  large  sum,  amounting  to  $60,000,  for  locust 
destruction.  In  this  destruction  work  he  was  very  successful ;  in  fact, 
it  seems  safe  to  say  that  his  work  in  this  direction  was  the  most  impor- 
tant that  has  ever  been  done  against  insects  of  this  class.  His  death 
from  typhoid  fever,  which  occurred  in  the  autumn  of  1906,  was  a  great 
loss  to  the  Transvaal,  and  a  great  loss  to  economic  entomology.  I  have 
not  learned  that  his  successor  has  been  appointed,  but  whoever  he  is, 
or  may  be,  he  will  find,  or  will  have  found,  that  his  work  has  been  made 
easy  for  him  by  the  labors  of  Simpson. 

Australia 

The  Australian  States  of  Victoria,  New  South  Wales,  Queensland, 
South  Australia  and  Tasmania  have  all  continued  to  interest  them- 
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selves  to  a  very  considerable  extent  in  economic  entomology;  and 
West  Australia  has  taken  up  the  problem,  though  in  quite  a  dif- 
ferent way. 

In  Victoria  Charles  French  continues  to  hold  the  office  of  entomol- 
ogist to  the  government  and  continues  his  excellent  work,  publishing 
from  time  to  time  upon  insects  injurious  to  vegetation.  His  hand- 
book on  the  Destructive  Insects  of  Victoria,  of  which  the  first  part  was 
published  in  1891  and  the  second  in  1893,  has  been  continued ;  and  the 
third  part,  published  in  1903,  in  addition  to  injurious  insects  takes  up 
the  consideration  of  certain  valuable  insect-destroying  birds. 

In  Tasmania  the  work  was  continued  until  comparatively  recently, 
but  I  have  heard  nothing  in  the  last  few  years  from  that  state. 

In  South  Australia  J.  G.  O.  Tepper,  in  charge  of  the  entomo- 
logical department  of  the  South  AustraUa  Museum,  has  acted  as 
consulting  entomologist  for  the  agriculture  department,  although  he 
is  not  now  officially  connected  with  the  subject  of  appU^  entomology 
in  that  state.  In  1894  George  Quinn,  horticultural  instructor  and 
chief  inspector  of  fruit  under  the  so-called  "vine,  fruit  and  vegetable 
protection  act,"  became  connected  with  the  department  of  agriculture 
for  the  purpose  of  carrying  out  the  law  and  trying  in  a  general  way 
to  place  horticulture  on  a  sound  footing.  This  law  empowered  the 
authorities  to  deal  with,  and  regulate,  the  introduction  into  the  state 
of  fruits,  plants,  insects  and  diseases,  and  to  make  regulations  for  en- 
forcing attention  to  any  which  might  be  already  found  injuring  plant 
life  in  the  state,  or  which  might  from  time  to  time  be  introduced  into 
the  state.  The  law  has  been  enforced  in  regard  to  the  codling  moth 
and  the  red  scale,  and  a  system  of  supervision  has  gradually  been 
initiated  over  all  the  imported  fruits  and  plants.  They  have  pro- 
hibited the  introduction  of  grape  vines  or  portions  thereof,  and  have 
set  aside  Adelaide  as  the  sole  port  of  entry  of  fruits  and  plants.  Plants 
sent  by  parcels  post  are  inspected  and  examined.  Disinfection  by 
hydrocyanic  acid  gas  is  carried  on  and  charges  are  imposed  on  the 
importer  covering  the  expenses  incurred.  Demonstrations  and  spray- 
ing experiments  have  been  carried  on  in  the  orchards  and  gardens  of 
South  Australia  under  Quinn's  direction,  and  much  work  has  been 
done  during  the  last  ten  years  in  testing  remedies,  publishing  bulle- 
tins, and  in  giving  lectures  and  personal  advice.  Quinn  has  three 
permanent  assistants  dealing  with  exports  and  imports.  Moreover, 
about  nine  inspectors  for  orchard  districts  have  been  and  will  be 
employed.  These  men  are  selected  from  the  best  informed  fruit 
growers  in  each  district  and  are  employed  about  six  months  in  the 
year.  Quinn  also  acts  as  instructor  in  horticultural  matters  and 
expends  in  his  branch  of  the  service  about  $8,000  a  year. 

In  New  South  Wales  W.  W.  Froggatt,  on  the  death  of  A.  Sidney 
OlliflF,  was  appointed  government  entomologist  and  attends  to  all  of 
the  correspondence  on  that  subject,  travels  through  the  State  making 
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investigations,  lectures  on  economic  entomology,  has  an  insectary 
where  the  necessary  breeding  tests  are  carried  on,  and  has  a  laboratory 
and  office  in  Sydney.  The  results  of  his  investigations  are  detailed  in 
articles  published  in  the  New  SoiUh  Wales  AgrwuUural  Gazette,  and  a 
short  annual  report  is  also  published  in  the  Gazette.  Froggatt  left 
New  South  Wales  as  a  representative  of  the  whole  Australian  federa- 
tion with  letters  of  introduction  from  the  different  premiers  and  the 
different  departments  of  agriculture  of  the  individual  States,  on  the 
eighth  of  July,  last,  for  a  visit  to  the  United  States  and  other  countries. 
He  is  an  admirably  equipped-  man  of  broad  knowledge  in  the  whole 
field  of  natiuul  history  and  has  achieved  admirable  results  in  his 
investigations.  His  recently  published  volume  {Australian  Insects) 
shows  his  very  competent  grasp  of  the  subject  and  his  industry  as  a 
worker. 

At  the  Hawkesbury  Agricultural  College  in  New  South  Wales  — 
a  government  institution  under  the  department  of  agriculture  — 
economic  entomology  is  dealt  with  as  one  of  the  subjects,  and  a  course 
of  thirty-two  lectures  and  fifteen  practical  exercises  is  gone  through 
during  the  second  year  of  the  student's  residence.  The  work  covers 
instruction  in  insect  structure,  chief  pests,  useful  insects  and  treat- 
ment, the  latter  being  well  illustrated  in  practice  by  orchard  opera- 
tions carried  on  in  an  up-to-date  manner.  This  work  is  under  the 
charge  of  Charles  T.  Musson,  who,  however,  covers  in  his  work 
botany,  vegetable  pathology  and  nature  study,  with  one  general 
assistant. 

During  the  past  year  a  bill  passed  the  New  South  Wales  Legisla- 
ture giving  power  to  enforce  certain  action  relative  to  the  codling 
moth  and  fruit  fly,  and  inspectors  to  carry  out,  the  work  have  been 
appointed.  The  fruit  expert  of  the  department  carries  on  a  good  deal 
of  work  in  fumigation  and  spraying,  mostly  for  demonstration  and 
instruction  purposes,  in  the  course  of  his  travels  throughout  the  State, 
and  the  subject  is  being  introduced  into  the  schools  as  a  part  of  nature 
study. 

In  Queensland  Henry  Tryon,  whose  excellent  publications  are 
well  known  to  American  entomologists,  is  still  connected  with  the 
department  of  agriculture  as  entomologist  and  vegetable  pathologist, 
as  well  as  inspector  under  the  Diseases  of  Plants  Act.  He  supervises 
all  plant  importations  and  exportations,  and  has  no  assistants.  His 
oflSces  are  in  the  department  of  agriculture  in  the  center  of  the  city  of 
Brisbane,  and  he  has  slight  opportunity  for  field  experimentation. 
At  the  time  of  the  last  address  Tryon  was  an  assistant  curator  in  the 
Queensland  Museum,  but  was  appointed  to  the  department  of  agri- 
culture in  1895. 

In  West  Australia  the  entomological  work  is  done  largely  by 
George  Compere,  who  acts  in  the  dual  capacity  of  expert  of  the  de- 
partment of  agriculture,  and  as  a  traveling  agent  of  the  state  board  of 
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horticulture  of  California.  Compere  is  an  enthusiastic  believer  in  the 
efficacy  of  mtroduced  parasites,  and  pays  slight  attention  to  other 
remedial  measures. 


British  West  Indies 

The  situation  in  the  British  West  Indies  has  changed  radically 
since  the  publication  of  the  former  address.  The  Imperial  Depart- 
ment of  Agriculture  for  the  West  Indies  was  organized  in  1898,  and 
Sir  Daniel  Morris  was  appointed  commissioner.  The  department 
was  originally  established  for  ten  years,  but  has  since  been  extended 
for  a  further  period  of  five  years ;  that  is  to  say,  until  October  1, 1913. 

During  1899  an  entomologist  was  appointed,  H.  Maxwell  Lefroy, 
who  has  since  been  transferred  to  India.  Henry  A.  Ballou,  of  Massa- 
chusetts, was  appointed  to  succeed  him  in.  March,  1903;  he  has  no 
assistants  beyond  a  single  preparator.  Ballou  has  done  good  work  in 
investigating  injurious  insects  of  the  territory  over  which  the  depart- 
ment extends,  and  publishes  entomological  information  in  the  various 
periodicals  and  reports  of  the  department,  as  well  as  in  a  fortnightly 
review,  known  as  the  AgricuUural  News,  which  contains  popular 
insect  notes.  More  technical  papers  appear  in  the  West  Indian  BuUe- 
tin,  a  quarterly  journal. 

In  the  British  Atlantic  Islands  outside  of  the  control  of  the  Im- 
perial Department  of  Agriculture,  such  as  Bermuda  and  the  Bahamas, 
no  official  work  in  economic  entomology  seems  to  be  carried  on.  In 
Bermuda,  however,  at  the  present  time,  under  the  Agricultural  Society 
of  the  island,  a  most  interesting  experiment  is  under  way,  as  I  am 
informed  by  Ambrose  Goslin  the  president  of  the  society,  and  Claude 
W.  McCalkn,  an  old  correspondent  of  the  Bureau  of  Entomology  at 
Washington.  The  fruit  fly  of  Bermuda  and  other  places  {Ceratitis 
capituta  Wied.),  referred  to  in  a  short  illustrated  article  in  Insect  Life, 
Vol.  III.,  pp.  5-8  (1890),  has  increased  so  greatly  and  has  become 
so  injurious  as  to  warrant  the  most  radical  means  of  destruction. 
During  the  present  year  all  fruit  of  the  island  known  to  be  aflFected 
by  this  insect  has  been  rigorously  destroyed  in  the  effort  to  leave  not  a 
single  opportunity  for  the  insect  to  breed  this  year.  This  is  an  effort 
at  extermination  and  its  results  will  be  followed  with  the  greatest 
interest  by  all  persons  interested  in  entomology  and  fruit  culture. 
The  only  comparable  experiment  known  to  the  writer  was  carried  on 
some  years  ago  in  a  very  large  but  isolated  and  most  remunerative 
apple  orchard  in  South  Idaho  when  the  entire  crop  is  said  to  have  been 
destroyed  for  one  season,  with  the  result  that  the  codling  moth  in  that 
region  was  exterminated. 
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India 

In  India  in  1894  the  principal  work  in  economic  entomology  had 
been  done  by  E.  C.  Cotes,  in  charge  of  the  entomological  collections 
of  the  Indian  Museum  in  Calcutta.  Some  three  volumes  of  the  valua- 
ble Indian  Mtiseum  Notes  had  been  published  at  that  time,  and  a 
number  of  special  reports  had  also  been  sent  out  dealing  with  eco- 
nomic problems  in  entomology.  Since  Cotes's  retirement  the  work 
has  been  continued,  and  although  the  important  Indian  Museum 
Notes  have  not  been  issued  so  frequently,  they  are  still  pubUshed. 
There  have,  however,  grown  up  two-  important  branches  of  entomo- 
logical service  —  the  one  established  in  1901,  when  E.  P.  Stebbing 
was  appointed  forest  entomologist  to  the  government  of  India;  and 
the  other  in  1903,  when  H.  Maxwell  Lefroy  was  appointed  entomolo- 
gist to  the  government  of  India,  or,  £s  appears  from  his  later  reports 
(Imperial  Entomologist) ,  leaving  his  position  in  the  British  West 
Indies  to  be  succeeded,  as  is  shown  elsewhere,  by  H.  A.  Ballou.  By 
Stebbing  has  been  published  a  series  of  circulars  on  agricultural 
economic  entomology  issued  by  the  trustees  of  the  Indian  Museum. 
Under  Maxwell  Lefroy  has  been  started  an  entomological  series  of 
the  memoirs  of  the  Department  of  Agriculture  in  India,  beginning 
with  April,  1906.  Five  numbers  have  appeared,  the  last  one  bearing 
the  date  June,  1907.  Stebbing  has  also  published  certain  forest 
bulletins  dealing  with  tree-boring  beetles.  In  addition  to  these  ap- 
pointments, E.  Ernest  Green,  well  known  for  his  able  studies  on  the 
Coccidffi,  has  been  made  government  entomologist  for  Ceylon  with 
headquarters  at  the  Royal  Botanic  Garden  at  Peradenyia,  Ceylon,  an 
admirable  step  and  an  appointment  which  Green  cannot  fail  to  fill 
in  the  most  satisfactory  manner. 

Hawah 

Great  advances  have  been  made  in  Hawaii.  This  country  at 
the  time  of  the  last  address  was  a  republic  and  is  now  a  dependency 
of  the  United  States.  An  Agricultural  Experiment  Station,  under 
the  Office  of  Experiment  Stations  of  the  U.  S.  Department  of  Agri- 
culture, has  been  established  and  a  very  competent  entomologist,  Mr. 
D.  L.  Van  Dine,  has  been  placed  in  charge  of  the  entomological 
work  of  the  Station.  Mr.  Van  Dine  is  a  well-trained  man,  and  has 
done  effective  work,  and  has  publbhed  a  number  of  important  bul- 
letins. There  is  further  a  competent  inspection  of  introduced  plants 
carried  on  at  the  port  of  Honolulu,  under  the  charge  of  Mr.  Alex- 
ander Craw,  so  well  known  for  his  similar  work  in  San  Francisco. 
Further  than  this,  the  Hawaiian  Sugar  Planters'  Association  has  es- 
tablished a  well-equipped  laboratory  imder  the  direction  of  Mr.  R. 
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E.  L.  Perkins  with  competent  assistants.  The  main  energies  of 
this  station  have  been  devoted  to  the  introduction  of  parasitic  insects, 
and  much  success  in  this  direction  is  announced  in  the  excellent 
publications  of  the  laboratory. 


Conclusion 

Looking  over  the  whole  field,  it  becomes  obvious  that  very  great 
advances  have  been  made  in  economic  entomology  in  the  last  thirteen 
years ;  greater  advances,  in  fact,  than  during  the  entire  previous  his- 
tory of  the  study.  It  becomes  obvious,  also,  that  the  greatest  ad- 
vances have  been  made  in  the  United  States  of  America.  In  spite  of 
this  fact,  however,  it  is  plain  that  the  United  States  is  behind  most  of 
the  other  countries  of  the  world  in  one  most  important  particular. 

Six  years  ago,  visiting  Hamburg,  I  found  a  most  perfect  system  of 
inspection  of  all  foreign  fruits,  trees  and  fruit  products  in  operation. 
Nothing  containing  or  carrying  an  insect  was  allowed  to  enter  Ger- 
many through  that  port.  To-day  this  holds  true  of  most  other  coun- 
tries. Even  in  the  colony  of  Natal,  as  has  been  pointed  out,  there  is  a 
qualified  agent  stationed  permanently  at  Durban,  and  his  work  pro- 
tects Natal  and  the  inland  colonies  from  invasion  by  new  insect  pests 
and  new  plant  diseases  from  abroad. 

In  the  United  States  we  have  no  such  protection,  except  the  one 
port  of  San  Francisco,  where  under  the  state  law,  that  has  been  up- 
held in  the  courts,  California  is  protected.  A  crying  need  in  tins 
country  is  the  passage  of  a  general  quarantine  act  by  which  the  other 
great  seaports  of  the  United  States  should  be  protected. 
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POLYMORPHISM    IN  HEMIPTERA   AND   SOME   OP 
ITS    SIGNIFICANCES* 

HERBERT  OSBORN 

The  phenomena  of  dimorphism  and  polymorphism  so  com- 
monly found  in  various  groups  of  animals  are  especially  conspicuous 
in  this  order  of  insects,  and  while  there  are  frequent  parallels  with 
conditions  presented  in  other  groups,  I  believe  an  examination  of 
some  of  the  phases  shown  and  a  comparison  among  the  different 
families  and  genera  may  be  of  such  service  in  the  interpretation  of 
certain  factors  of  adaptation  as  to  have  an  interest  to  students  of  the 
biological  features  of  insect  life. 

Probably  nearly  every  phase  of  polymorphic  divergence  may  be 
found  among  the  different  representatives  of  the  group,  and  our  few 
illustrations  must  be  selected  from  among  a  number  of  similar  or 
parallel  cases.  The  most  frequent  and  conspicuous  forms  are  found 
in  the  macropterous,  micropterous,  and  apterous  conditions  in  wing 
structure;  these  being  sometimes  sexual,  sometimes  seasonal,  and 
in  some  cases  adaptive,  showing  apparent  "mimicry,"  or  protective 
resemblance,  both  in  form,  coloration  and  markings. 

A  hasty  review  of  the  groups  shows  such  conditions  among 
Cicadidae  where  the  13-  and  17-year  races  may  be  cited  as  an  excep- 
tional form.  In  the  Membraddffi  we  have  cases  of  homed  and  un- 
armed forms  as  in  Platycotis  and  color  forms  as  in  Thelia  bimaculaia. 
In  Fulgoridae  an  immense  number  of  species  show  macropterous 
and  micropterous  or  apterous  forms,  which  in  many  cases  show  the 
best  of  evidence  of  having  independent  origin  in  the  diflFerent  genera, 
e.  g.,  Bruchomorpha,  Pissonotus,  Liburnia,  Prokelesia,  etc.  Danep- 
teryx  shows  reduction  by  wing  narrowing,  an  exception  to  the  rule 
of  wing  shortening.  .  The  Jassidse  show  numerous  cases  of  wing 
reduction,  both  macropterous  and  micropterous  forms  occurring  in 
many  species,  often  with  very  wide  sexual  differences.  Striking 
examples  (as  shown  in  slides)  are  to  be  noted  in  Driatura,  Lonatura, 
and  Dorycephalus. 

Among  Aphididae,  examples  are  so  numerous  and  so  well  known 
that  we  need  not  dwell  upon  them,  but  call  attention  to  the  associa- 
tion with  these  polymorphisms  of  alternations  of  food  plant  relations 
to  ants,  and  other  adaptations.    We  may  also  note  the  development 

*  This  paper  was  illustrated  and  exemplified  by  a  series  of  lantern  slides. 
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of  these  with  changes  that  must  have  come  by  slow  degrees  as  from 
atrial  to  subterranean  life,  and  alternations  between  aerial  or  arboreal 
and  subterranean  or  root-infesting  stages. 

Coccidffi  show  a  most  extreme  sexual  dimorphism,  the  females 
being  wingless  and  usually  fixed,  the  males  winged  when  adult 

Passing  to  Heteroptera,  we  see  in  Hydrometridae,  macropterous 
and  apterous  individuals,  and  among  Nabidse  distinct  sexual 
dimorphs. 

The  Lygaeidae  include  many  cases,  especially  of  wing  reduction 
or  modification;  but  the  common  chinchbug,  Blissus  leveopterous, 
furnishes  an  instructive  example.  Here  we  have  a  long  winged  form, 
the  more  primitive  I  assume,  and  wing  reduction  exhibited  in  various 
degrees.  The  short  winged  condition,  where  at  all  general,  has  been 
associated  with  permanent  food  supply,  as  in  meadows  of  perennial 
grasses,  the  long  winged  forms  capable  of  migration,  with  annual 
plants. 

In  Capsidse,  Sericophanes  oceUatus  Reut.  shows  striking  dimor- 
phism in  wing  structure  between  sexes,  and  two  very  distinct  female 
forms  as  abo  striking  similarity  in  appearance  to  ants. 

CoquUettia  mimetica  Osb.  is  still  more  extreme,  the  wings  in  the 
female  entirely  wanting,  and  resemblance  to  ants  most  perfect,  in 
male,  the  wings  of  full  length,  and  with  little  superficial  resemblance 
to  ants. 

The  presentation  of  these  cases  would,  however,  be  hardly  justi- 
fied if  presented  simply  as  so  many  more  instances  of  a  common 
feature  of  insect  life.  They  appear  to  me,  however,  to  have  some 
interesting  significances  if  studied  with  reference  to  their  mode  of 
origin  or  as  problems  in  the  evolution  of  species.  They  present  at 
least  certain  complex  cases  that  must  be  accounted  for  in  any  general 
theory  of  evolution  and  a  correct  interpretation  of  their  significance 
would  certainly  throw  light  on  similar  evolutions  in  other  groups. 

The  fact  mat  such  a  great  number  of  cases  occur  in  different 
genera  where  the  reduction  of  wing  must  have  had  independent 
origin  is  certainly  most  suggestive  of  some  general  underlying  factor 
or  influence,  and  it  appears  to  me  that  this  is  to  be  sought  for  in  the 
adaptations  to  permanent  food  supply  of  possibly  a  restricted  kind. 
That  is,  a  phase  of  sedentary  habit  results  from  abundant  and  per- 
manent food  supply  and  with  this  a  tendency  to  wing  reduction  or 
degeneration.  That  this  is  derived  from  a  more  primitive  full-winged 
condition  in  ancestral  forms  of  more  varied  food  supply,  seems  to 
me  almost  beyond  question,  and  this  wing  reduction,  as  in  many 
other  insects,  affects  most  profoundly  the  female;  in  many  instances, 
of  course,  retention  of  wings  by  male  furnishing  practically  the  only 
means  for  mating. 

It  appears  also  that  these  cases  must  be  significant  in  questions 
of  continuous  or  discontinuous  variation,  and  I  am  impressed  with  the 
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general  evidence  of  gradual  changes  along  certain  lines  and  in  the 
direction  of  certain  adaptations.  In  fact,  it  seems  very  hard  to  explain 
some  of  these  adaptations  on  any  possible  basis  of  saltatory  variation, 
or  without  some  recognition  of  the  principle  of  orthogenesb. 

Summary. 

1.  Dimorphism  and  polymorphism  in  all  cases  means  specializa- 
tion from  more  general  forms  where  such  poljmiorphisms  did  not 
occur. 

2.  Wing  reduction,  so  common  a  phenomenon  in  so  many  widely 
separated  groups,  points  to  some  common  controlling  factor  or 
factors,  and  one  of  these,  I  believe,  must  be  associated  with  adapta- 
tions to  food  supply. 

3.  Often,  apparently  a  complex  of  factors  exists,  the  poly- 
morphism possibly  first  originating  in  an  adaptation  to  some  partic- 
ular food  supply,  and  then  being  seized  upon  by  another  factor, 
such  as  protective  resemblance,  which  may  differ  in  the  two  'sexes, 
or  for  larval  or  adult  stages,  and  if  the  insect  is  double-brooded, 
there  may  be  a  still  further  adjustment  to  seasonal  environment. 

4.  Polymorphism  shows  gradual  modification  and,  to  me,  favors 
the  idea  of  continuous,  rather  than  discontinuous,  variation. 

5.  Some  of  these  polymorphic  forms  would  seem  to  furnish  ex- 
cellent subjects  for  experimental  work  on  variation,  and  a  study  of 
the  minute  details  of  genitalia  and  of  the  chromosomes  would 
doubtless  give  interesting  results. 
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THE  INFLITENCE  OP  MINIMUM  TEMPERATURES  IN 
LIMITING  THE  NORTHERN  DISTRIBUTION  OP 
INSECTS 

(Abstract) 

E.  DWIGHT  SANDERSON 

Records  of  the  mortality  of  the  larvae  of  the  Brown  Tail  Moth 
{Euprodis  chrysorrhcea)  from  various  points  in  New  Hampshire  and 
Maine  show  that  a  minimum  temperature  of  from  —  24°  to  —  40°  F. 
usually  results  fatally  to  those  in  average-sized  nests.     Experiments 
by  Grevillius  showed  that  the  larvse  in  nests  could  not  live  at  below 
—  32°  to  -35°  F.,  and  his  records  of  the  northern  distribution  of 
this  species  in  Europe  show  that  it  does  not  exist  north  of  the  isotherm 
of  the  annual  minimum  —32°  F.     This  raises  the  query,  may  not 
minimum  temperatures  be  a  factor  in  determining  the  northern  limit 
of  insect  life?    Accompanying  maps  show  isotherms  of  the  absolute 
minimum    average-annual-minimum,   and    maximum    annual-mini- 
mum temperatures   for  the   eastern  United  States.     The  average 
annual-minimum  isotherms  show  considerable  agreement  with  the 
boundaries  of  the  life  zones  of  Dr.  C.  Hart  Merriam,  but  also  notable 
diflFerences.    Three  objections  are  raised  to  the  law  upon  which  Dr. 
Merriam  has  based  the  northern  boundaries  of  his  life  zones,  t.  e., 
that  northern  spread  is  determined  by  the  sum  of  the  positive  tem- 
peratures for  the  season  of  growth  and  reproduction.     First,  there 
IS  sufficient  summer  temperature  for  many  more  southerly  insects  to 
reproduce  in  New  Hampshire,  which  do  not  occur  there.    Second, 
this  holds  true  even  if  the  temperatures  be  accumulated  above  the 
true  "critical  point"  of  the  species  rather  than  above  43°  F.  as  by 
Dr.  Merriam.     Third,  the  hardiness  of  plants  is  fully  as  important 
a  factor  in  determining  their  northern  limits  as  the  length  or  temper- 
ature of  the  summer  season.     The  Harlequin  Cabbage  Bug  (Mtir- 
ganiia   hiMrionica),   Cotton   Boll   Worm   (Heliothis   obsolda),  and 
Asparagus  Beetle  (Crioceris  asparagi),  illustrate  these  points,  and 
evidence  is  given  that  the  northern  spread  of  these  insects  is  deter- 
mined by  the  winter  cold.    The  influence  of  cold  on  the  San  Jos^ 
Scale  (Aspidiotus  pemiciostis),  West  Indian  Peach  Scale  {Avlacasjns 
petitagona),  Cotton   Boll  Weevil    (Anihonomus   grandis),  Morellos 
Orange  Fruit  Worm  (AnaMrepha  Ivdens  Loew),  is  recorded   and 
shows  that  they  are  killed  out  by  certain  minimum  temperatures 
for  each  species 
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A  comparison  of  the  known  distribution  of  several  of  the  above 
species  shows  that  their  northern  limit  follows  rather  more  closely 
the  isotherms  of  the  average  annual-minimum  temperatures  than 
the  life  zones  of  Dr.  Merriam. 

It  is  concluded  that  (1)  the  present  Upper  Austral  zone  does 
not  extend  far  enough  to  the  northeast  and  extends  too  far  to  the 
northwest;  that  (2)  there  is  strong  evidence  against  the  effective 
temperature  of  the  growing  season  being  the  only  or  main  factor  in 
controlling  the  northern  limits  of  life  areas;  and  (3)  that  minimum 
temperatures  often  limit  northern  distribution. 
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THE  INFLUENCE   OF  CIVILIZATION  ON  HUMAN 
ZOO-PARASITIC   DISEASES 

HENRY  B.  WARD 

Animai^  affect  man  nowhere  more  adversely  than  m  those  re- 
lations in  which  they  appear  as  the  agents  in  producing  or  trans- 
mitting disease.  The  intimate  connection  of  such  animab  with 
human  welfare  is  only  imperfectly  investigated  as  yet,  but  the  advance 
in  our  knowledge,  especially  in  very  recent  years,  b  sufficient  to 
indicate  the  importance  of  these  problems  for  the  future  of  man- 
kind. The  ultimate  end  of  applied  zoology  b  evidently  in  some 
direction  the  advantage  of  the  human  race,  hence  a  consideration 
of  those  factors  in  the  social  and  economic  life  of  man  which  modify 
the  natural  abundance  and  influence  of  the  disease  creating  and 
increasing  organbms  b  appropriate  for  thb  section. 

To  understand  the  question  it  b  necessary  to  pass  briefly  in 
review  the  methods  of  the  transmission  and  increase  of  such  animal 
organbms  as  are  related  to  dbease.  Rarely  does  the  parasite  itself 
attack  a  new  host;  its  introduction  b  occasionally  due  to  active 
migration.  More  usually,  however,  the  eggs,  spores,  or  resting  stages 
are  introduced  by  chance  in  dirt,  in  water,  or  on  food.  Such  con- 
stitute, again,  not  accidental  but  regular  elements  of  certain  food 
material,  and  are  abo  introduced  through  the  attacks  of  an  infected 
insect,  for  instance,  which  by  its  bite  or  by  oviposition  brings  the 
infecting  element  into  a  suitable  position  for  development  The 
introduction  and  spread  of  disease-producing  animab  b  aided  or 
encouraged  by  careless  personal  habits  and  by  communal  practices 
which  open  die  way  Yor  infection  and  insure  the  transmission  to 
new  hosts  of  parasites  which  chance  to  infect  the  single  individual. 

While  the  exact  mode  of  infection  is  in  many  cases  as  yet  un- 
known, yet  one  cannot  doubt  (see  Blanchard,  1900)  that  uncooked 
food  and  drinking  water  are  among  the  factors  primarily  responsible 
for  the  transfer  to  a  new  host. 

These  facts  regarding  the  transmission  of  the  zoo-parasitic  dis- 
eases must  now  be  brought  into  relation  with  the  hbtory  of  racial 
development  in  order  to  evaluate  properly  the  effects  of  the  latter 
upon  the  former.  Four  stages  in  social  evolution  are  important  in 
this  connection.  Through  a  period  of  scattered  individuab,  families, 
and  mere  nomadic  tribes  man  rose  to  an  era  of  fixed  habitations, 
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in  which,  however,  the  communities  were  small  and  had  scant  inter- 
course with  each  other.  More  rapidly  than  in  the  former  case  these 
communities  became  greater  and  greater  cities,  and  ultimately  entered 
upon  a  period  of  industrial  development  through  the  introduction 
of  machinery.  During  this  latter  phase  the  increase  in  means  of 
communication  has  brought  distant  communities  into  more  intimate 
contact  than  was  found  in  the  preceding  period  between  geographically 
contiguous  localities. 

We  are  accustomed  to  speak  of  this  series  of  changes  as  the  ad- 
vance of  the  human  race,  but  such  a  judgment  does  not  apply  equally 
to  all  factors.  During  the  nomadic  period  man  avoided  uncon- 
sciously much  of  the  danger  from  zoo-parasitic  diseases  by  constant 
movement,  and  the  isolation  of  families  or  clans  made  even  seri- 
ous epidemics  self-terminating  within  narrow  limits.  Indiscriminate 
use  of  food,  improperly  prepared,  indifference  to  the  source  and 
character  of  the  water  supply  and  to  general  personal  hygiene,  as 
well  as  intimate  assocfation  with  domestic  animals,  all  tended  un- 
questionably to  the  extension  of  the  human  parasitic  fauna,  but 
there  was  no  way  in  which  the  excessive  infection  of  one  individual 
could  affect  adversely  more  than  at  most  the  very  few  who  were 
intimately  associated  with  him;  and  the  custom  observable  even 
to-day  among  savage  tribes  of  deserting  such  individuals  as  become 
subject  to  disease  and  of  abandoning  habitation  and  furnishings  as 
well  as  the  locality  constitute  an  evident  protection  against  the  spread 
of  such  diseases. 

With  the  assumption  of  a  fixed  habitat  the  dangers  from  animal 
parasites  were  greatly  increased.  Not  only  were  there  present  all 
the  dangers  of  the  previous  period  due  to  contaminated  food  and 
water  supply,  indifference  to  personal  hygiene,  and  undue  intimacy 
with  domestic  animals,  but  the  infection  of  the  individual  was  now 
a  menace  which  the  community  had  no  means  to  avoid.  Food, 
water,  and  domestic  animals  became  more  badly  contaminated ;  the 
life  cycle  of  the  parasites  was  filled  out  within  harrow  limits  of  time 
and  space,  until  parasitic  infection  reached  its  maximum  and  the 
community  was  periodically  devastated  by  parasitic  epidemics. 
There  can  be  no  doubt  that  under  these  conditions  a  type  of  racial 
immunity  was  produced,  though  at  the  cost  of  tremendous  loss  of 
life.  Such  conditions  as  these  may  be  found  to-day  in  many  semi- 
barbarous  communities,  especially  in  tropical  and  sub-tropical 
regions  where  the  natural  environment  is  most  favorable  to  the 
development  and  spread  of  zoo-parasitic  diseases.  Bad  as  these  con- 
ditions are,  they  do  not  present  the  most  serious  effects  of  such 
diseases  on  account  of  the  acquired  immunity  to  which  I  have  re- 
ferred, for,  witness  the  introduction  of  a  new  disease  towards  which 
the  race  has  not  yet  acquired  even  relative  immunity;  it  is  followed 
by  conditions  sudi  as  must  have  prevailed  originally  for  all  diseases 
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caused  by  animal  parasites.  Such  a  disease  is,  I  think,  trypanoso- 
miasis, or  sleeping  sickness  in  man,  which  for  some  years  has  been 
extending  its  range  in  Africa  over  regions  where  previously  it  was 
apparendy  entirely  unknown.  In  these  regions  it  has  swept  ofiF  in 
fact  millions  of  the  natives  and  has  entirely  depopulated  large  areas. 
Its  universally  lethal  conclusion  is  evidence  of  its  newness  and  of 
the  entire  lack  of  tolerance  for  the  parasites  which  produce  it 

These  facts  serve  to  explain  the  conditions  which  obtain  in  more 
highly  civilized  nations,  and  which  often  are  exceedingly  unfavorable 
for  human  existence.  Chief  among  the  adverse  factors  in  civiliza- 
tion is  the  excessive  size  of  the  community.  That  overcrowding 
due  to  evident  limits  in  expense  and  distance,  the  common  source  of 
food  and  water  supplies,  and  the  general  presence  and  abundance 
of  carrying  and  infecting  agents  sudi  as  flies,  etc.,  expose  the  entire 
community  to  the  ignorance  and  carelessness  of  the  single  individual. 
Epidemics  spread  more  rapidly  and  widely  than  in  the  smaller 
communities.  While  this  is  pre-eminendy  frue  of  diseases  caused 
by  bacteria,  yet  one  finds  a  distinct  parallel  in  outbreaks  of  trichino- 
sis, of  tunnel  disease,  and  of  malaria,  as  well  as  of  other  zoo-parasitic 
dbeases. 

The  second  adverse  factor  in  civilized  life  is  the  universal  range 
of  commerce  which  plays  an  important  r6le  in  the  transport  of  disease. 
Modem  methods  of  communication  transcend  all  natural  barriers 
to  the  dbpersal  of  animal  organisms.  In  the  means  provided  for 
the  comfort  of  man  they  ensiu^  such  disease-producing  germs  or 
their  transmitting  agents  ample  protection  against  the  adverse  in- 
fluences of  heat,  cold,  light,  moisture,  or  drought,  and  at  the  same 
time  they  carry  these  organisms  with  speed  to  new  environments 
where  they  may  find  conditions  suitable  for  existence.  Finally, 
through  the  introduction  of  domestic  animals,  as  well  as  through 
the  transport  of  infected  individuals  and  the  general  intercourse 
of  once  widely  separated  races,  the  former  limits  of  zoo-parasitic 
diseases  are  being  entirely  wiped  out,  and  the  human  parasites  of 
one  geographic  area  are  reappearing  in  widely  distant  regions. 

This  introduction  of  new  human  parasites  is  not  always  eflPective 
in  infecting  new  areas.  Thus,  FUaria  loa,  the  African  eye-worm, 
has  been  introduced  many  times  into  Europe  and  North  America 
without  as  yet  having  secured  a  footing  on  either  continent.  Drtv- 
cuncvius  medinensisj  the  Guinea-worm,  was  brought  through  the 
slave  trade  into  South  America,  the  West  Indies,  and  the  United 
States.  In  the  latter  it  seems  never  to  have  become  established,  in 
the  West  Indies  it  gained  a  temporary  footing,  and  in  some  parts 
of  South  America  it  became  endemic.  Such  instances  might  be 
multiplied. 

Another  adverse  factor  is  the  susceptibility  of  man  to  parasitic 
diseases.    Mention  has  abready  been  made  of  a  certain  racial  indiffer- 
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ence  to  animal  parasites,  which,  though  resting  in  some  supposed 
eases  on  insufficient  or  incorrect  evidence,  nevertheless  does  actually 
exist  in  other  cases.  Towards  newly  introduced  parasites  there  is 
neither  immunity  nor  tolerance,  but  on  the  contrary  marked  sus- 
ceptibility. Thus,  various  observers  have  shown  that  the  negro 
is  relatively  indiflPerent  to  the  same  hook-worm  which  in  the  white 
race  produces  serious  anaemia.  Now  the  American  hook-worm  is 
believed  by  many  to  have  been  introduced  into  this  continent  from 
Africa  with  the  slave  trade,  and  in  this  case  would  be  to  the  white 
race  a  new  parasite.  But  this  is  not  the  only  element  which  is 
important  in  this  connection.  The  character  of  modem  life  tends 
undoubtedly  to  reduce  the  physical  condition  of  the  individual, 
and  thus  hb  powers  of  resistance.  Industrial  development  and 
conditions  of  employment  in  factories  both  increase  greatly  chances 
of  infection  with  certain  parasites  especially,  and  also  lower  still 
further  the  resisting  power  of  the  individual.  Some  types  of  em- 
ployment afford  most  favorable  conditions  for  the  spread  of  cer- 
tain animal  parasites,  as  indicated  in  the  names  of  miners'  disease 
or  tunnel  disease,  caused  by  Ancylostoma,  and  first  investigated 
in  connection  with  a  great  modern  enterprise,  the  St.  Gotthard 
Tunnel. 

The  final  adverse  factor  to  which  I  wish  to  call  attention  is  habit. 
This,  whether  national  or  individual,  is  largely  the  survival  of  ancient 
custom,  and  b  propagated  by  fashion  or  prejudice.  Where  rare 
beef  b  demanded,  Tcmiia  saginata  b  common,  and  where  taste 
demands  inadequately  cooked  pork,  Toenia  solium  and  trichina 
flourish.  Among  those  individuab  who  live  on  terms  of  greatest 
intimacy  with  pet  animab,  especially  dogs,  certain  other  parasites 
occur  which  are  much  less  frequent  in  men  of  other  habits  or  ages. 
An  equally  unfortunate  custom  is  the  indifference  or  carelessness 
which  permits  vagrant  dogs  to  roam  over  the  country,  spreading 
infection  widely,  or  that  false  economic  estimate  which  neglects  evident 
sanitary  precautions  against  the  infection  of  employees  in  various 
occupations. 

First  among  the  factors  in  civilized  life  which  tend  to  reduce 
the  number  of  animal  parasites  must  undoubtedly  be  named  greatly 
increased  care  in  the  preparation  of  food.  Cooking  becomes  more 
general  and  more  thorough  with  advancing  civilization,  and  even 
those  articles  of  food  which  are  eaten  uncooked,  such  as  fruits,  salads, 
etc.,  custom  demands  shall  be  properly  washed  before  serving.  This 
increasing  fastidiousness  is  of  marked  importance  in  reducing  para- 
sitic infection.  It  is  animated  by  the  same  motive  which  has  brought 
about  greater  concern  for  personal  cleanliness.  Regard  for  clean 
hands  and  finger  naib  reduces,  for  instance,  infection  with  the  whip- 
worm, Trichurb,  to  the  minimum,  whereas  it  is  all  but  universal 
among  those  persons  and  communities  neglectful  of  such  precautions. 
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Another  favorable  factor  of  early  influence  in  racial  history  is 
the  assumption  of  clothing,  which  becomes  more  eflPective  as  it  grows 
more  complete.  Covering  the  body  limited  considerably  chances, 
of  attack  by  mosquitoes  and  other  biting  insects,  and  thus  lessened 
the  probability  of  acquiring  the  diseases  carried  by  such  animals. 
The  assumption  of  foot  and  hand  coverings  diminishes  greaUy 
opportunity  for  infection  with  the  hook-worm  and  with  Strongy- 
loides,  for  instance. 

These  influences  are  largely  partial  and  limited  in  effect.  But 
in  certain  cases  they  may  become  entirely  effectual  in  eliminating 
zoo-parasitic  diseases  if  not  hindered  by  custom  or  prejudice.  Thus 
were  all  pork  to  be  eaten  only  when  thoroughly  cooked,  trichinosis 
would  absolutely  disappear  as  a  disease  of  man.  There  is  unmis- 
takable evidence  of  general  reduction  in  the  number  of  zoo-parasites 
harbored  by  man  under  civilized  conditions,  and  despite  the  con- 
trary currents  already  noted  there  are  other  influences  most  charac- 
teristic of  civilization  which  will  tend  more  powerfully  towards  this 
reduction  in  the  future. 

It  is  not  necessary  to  revert  at  length  to  the  part  played  by  medicine 
in  a  limited  sense.  The  demonstration  and  destruction  of  parasites 
in  individual  cases,  the  education  of  the  conununity  as  to  the  im- 
portance and  treatment  of  such  organisms,  will  be  acknowledged 
without  further  discussion  as  a  weighty  factor  in  the  ultimate  solu- 
tion of  the  question.  Neither  is  one  compelled  to  discuss  in  detail 
the  services  rendered  in  this  matter  by  engineering  and  sanitary 
science.  Every  step  toward  the  improvement  of  the  water  supply, 
every  advance  in  methods  for  disposing  of  waste  products  of  all 
sorts,  especially  sewage,  all  projects  for  the  control  of  drainage  and 
for  the  purification  of  streams,  assist  ultimately  in  reducing  the 
percentage  of  infection  with  animal  parasites.  To  be  sure,  some 
imperfection  in  the  plan  may  in  an  individual  case  assist  the  [>arasite 
to  carry  out  its  life  cycle,  as  when  the  eggs  of  Dibothriocephalus 
are  carried  by  a  sewage  system  into  the  very  lake  from  which  the 
fish  food  of  a  city  comes.  But  such  a  condition  is  only  temporary, 
for  once  recognized  the' difficulty  is  met  by  engineering  measures, 
and  the  ultimate  result  to  the  community  is  exemption  from  infection. 

There  are  certain  influences  of  a  favorable  type  that  are  intimately 
connected  with  the  economic  side  of  modem  life.  The  vast  number 
of  mechanical  appliances  for  human  comfort  include  some,  such  as 
water  filters  eliminating  infecting  agents  from  the  water  supply,  and 
window  screens  protecting  the  house  against  disease-bearing  mos- 
quitoes and  flies,  which  contribute  distinctly  in  individual  cases  to 
reduce  chances  of  infection.  Constant  increase  in  the  use  of  such 
appliances  makes  their  influence  of  great  future  importance. 

Of  wider  influence  are  the  highly  developed  methods  of  certain 
modern  industries,  among  which  the  most  prominent  is  probably 
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the  meat  industry.  I  have  shown  elsewhere  that  range-fed  cattle 
are  of  all  least  subject  to  infection,  that  modern  feeding  methods 
and  the  preparation  of  beeves  for  market  at  an  early  age  further 
tend  to  keep  the  animab  free  from  parasitic  infection.  '  Osborn  has 
noted  that  tiie  young  killing  and  scalding  of  hogs  reduces  constantly 
the  number  of  ecto-parasites  abo.  The  greater  care  now  exercised 
in  providing  proper  food,  water,  and  general  hygienic  surroundings 
while  rearing  animab  for  market  reacts  directly  and  favorably  upon 
man  himself.  The  general  use  of  protected  drinking  troughs  and 
of  a  special  water  supply  rather  than  surface  flow  of  indifferent 
character,  b  the  most  influential  element  in  thb  connection.  Un- 
contaminated  fields,  good  care,  and  proper  feeding  are  abo  im- 
portant. Thus  Mark  has  shown  that  rational  methods  in  feeding 
swine  in  a  given  locality  reduced  the  percentage  of  infection  with 
trichina  to  zero  in  a  few  years.  Stiles  has  pointed  out  that  the  small 
local  slaughter-houses  which  feed  remnants  to  dogs  and  pigs  trans- 
mit and  increase  greatly  thereby  certain  zoo-parasitic  diseases. 
The  large  packing  establbhments  that  utilize  all  the  remnants  and 
destroy  infected  organs  thus  reduce  notably  the  number  of  para- 
sites dangerous  both  to  man  and  the  domestic  animab.  Furthermore, 
holding  meat  in  cold  storage  for  three  weeks  destroys  the  larvae  of 
the  beef  tape-worm  and  many,  if  not  all  others,  which  may  be  in  the 
tissues,  thus  further  reducing  the  liability  of  infection  for  man. 
Meat  inspection,  which  in  thb  country  b  carried  out  only  in  con- 
nection with  these  large  packing  plants,  contributes  to  the  same  end, 
as  it  undoubtedly  has  in  Germany,  even  though  not  affording  entire 
protection.  According  to  Virchow  the  proportion  of  Cysticercus 
m  the  human  cadavers  dissected  in  Berlin  has  been  reduced  from 
1 :  31  before  the  introduction  of  meat  inspection  to  1 :  280  since  that 
time,  and  the  frequency  and  severity  of  trichinosb  have  abo  been 
greatly  reduced. 

Another  economic  factor  of  importance  is  the  growing  demand 
for  new  land  and  more  varied  life  which  influences  nations  to  attempt 
the  conquest  of  the  tropics.  Zoo-parasitic  diseases  constitute  prob- 
ably the  most  serious  problem  in  making  tropical  regions  useful  to 
civilization.  Hence  governmental  energy  has  been  especially  directed 
by  several  nations  towards  the  investigation  and  control  of  diseases 
produced  and  transmitted  by  animal  organisms.  The  extension  of 
commerce  and  its  preservation  from  the  serious  dbturbances  in- 
cident to  quarantine  are  largely  responsible  for  the  organization  of 
systems  to  protect  nations  against  these  diseases,  among  others. 

One  other  influence,  which  may  be  termed  the  intellectual  factor, 
demands  brief  notice.  It  b  undoubtedly  the  growth  of  a  general 
desire  for  the  amelioration  of  ndan's  physical  condition,  but  it  is 
also  unquestionably  the  recognition  of  the  fact  that  the  increased 
economic  value  of  the  individual  man  calb  for  better  protection, 
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which  has  led  to  the  formulation  of  a  rational  public  hygiene  and 
is  bringing  about  its  gradual  introduction.  Manson  pointed  out 
the  international  importance  of  the  Panama  Canal  construction 
through  the  possible  increase  and  spread  of  zoo-parasitic  diseases, 
and  under  the  direction  of  Gorgas  this  possibility  is  now  eliminated 
from  the  problem.  King  and  Ashford  are  developing  the  economic 
power  of  Porto  Rico  by  eliminating  the  generally  prevalent  an«mia 
due  to  an  animal  parasite.  Stiles,  in  demonstrating  the  major  cause 
of  the  degeneracy  among  the  "poor  white  trash"  of  the  South,  has 
furnished  the  means  for  the  improvement  of  this  element  in  our 
population.  Recently  the  same  investigator,  according  to  a  personal 
communication,  has  determined  that  a  large  part  of  the  chUd  labor 
problem  in  the  same  region  is  abo  due  to  die  hook-worm,  and  to 
that  extent  is  easily  .solved. 

The  influence  is  thus  mutual,  since  civilization  contributes  towards 
the  reduction  of  zoo-parasitic  diseases  and  their  reduction  advances 
civilization.  To  this  advancement  research  bears  an  ultimate  and 
indispensable  relation,  for,  without  the  demonstration  of  the  structure, 
life  history  and  indeed  the  complete  biology  of  the  animal  organisms 
which  both  produce  and  transmit  disease,  economic  progress  is 
impossible  beyond  certain  limits.  It  is  not  too  much  to  say  that  in 
its  attitude  towards  zoo-parasitic  dbease  is  found  a  reasonable  meas- 
ure of  the  stage  of  advance  attained  by  any  nation.  True  civiliza- 
tion reduces  the  animal  parasites  of  man  at  every  step  in  its  progress. 
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A  CONTRIBUTION    TO    OUR    KNOWLEDGE    OF 
INSECTICIDES 

C.  T.  McCLINTOCK,  E.  M.  HOUGHTON,  AND  H.  C.  HAMILTON 

Having  occasion  to  compare  the  value  of  certain  coal  tar  products 
with  other  recognized  contact  insecticides  search  was  made  for 
literature  on  the  subject,  particularly  as  to  how  they  act  on  insects 
and  what  conditions  would  make  for  greatest  eflBciency,  without, 
however,  finding  anything  conclusive. 

Some  of  the  older  naturalists,  notably  Reaumur  and  Swammer- 
dam,  had  experimented  with  individual  insects  to  determine  whether 
the  stoppage  of  the  spiracles  was  the  cause  of  death  and  whether  the 
functions  of  all  the  spiracles  were  the  same.  The  conclusion  that  they 
differ  and  that  death  follows  the  clogging  of  the  posterior  spiracles 
but  not  of  anterior  ones  has  been  declared  erroneous  by  Kirby  and 
Spence  in  their  text  book,  Introduction  to  Entomology,  Dr.  La  Hille, 
chief  of  the  Bureau  of  Applied  Zoology  to  the  Minister  of  Agricul- 
ture of  the  Republic  of  Argentine,  in  his  "  Contributions  to  the  Study  of 
the  Ixodes/*  claims  to  have  proved  by  experiment  that  immersion  of 
the  posterior  part  of  the  Boophiltis  annulatus  in  an  eflScient  insecti- 
cide is  all  that  is  necessary;  unmersion  of  the  head  for  an  equal 
length  of  time  in  the  same  solution  not  having  any  effect.  This  in- 
sect, however,  has  only  two  spiracles  which  are  located  in  the  posterior 
part  of  the  body. 

These  writers  are  exceptional  either  in  having  made  experiments 
or  having  recorded  them  where  they  would  be  available.  Different 
living  authorities  on  such  subjects  profess  ignorance  of  the  method  of 
action  of  insecticides  or  have  unproved  theories  as  to  how  they  might 
be  efficient  and  also  as  to  the  proper  condition  of  the  oil  which 
forms  the  base  of  many  of  the  best  insecticides. 

American  writers  on  economic  entomology  have  confined  them- 
selves to  mass  action  of  insecticides,  apparently  caring  little  as  to  the 
selective  action  of  the  material  or  the  comparative  values  of  similar 
preparations.  Finding  nothing  in  the  literature  which  would  indicate 
how  an  emulsified  oil  might  act  on  the  insect,  or  what  different  effects 
may  be  expected  from  the  use  of  oik  of  different  chemical  and  physi- 
cal properties,  the  time  seems  opportune  for  a  somewhat  extended 
statement  of  the  results  which  we  have  obtained  from  our  experiments. 

How  does  the  character  of  the  emulsion  effect  its  insecticidal 
value?  Do  the  insecticidal  and  germicidal  values  of  the  prepara- 
tions depend  on  the  same  constituents?  Is  there  any  relation  be- 
tween these  two  properties  and  the  toxicity  toward  higher  animab? 
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And,  most  important  of  all,  can  a  laboratory  test  be  made  to  de- 
termine the  relative  values  of  different  insecticides  with  any  d^ree 
of  accuracy ;  in  other  words,  can  they  be  standardized  ? 

Since  chemical  standardization  presupposes  knowledge  of  what 
constituents  and  what  forms  of  combination  are  necessary  to  pro- 
duce a  valuable  product,  and  since  both  of  these  points  are  more  or 
less  enveloped  in  uncertainty,  the  present  stage  of  our  knowledge  pre- 
cludes the  use  of  chemical  methods  or,  at  least,  to  a  large  extent. 

The  conditions  which  produce  the  most  eflBcient  contact  insecti- 
cide have  been  found  to  differ  for  oib  even  of  the  same  origin.  Of 
those  derived  from  coal  tar  two,  which  differ  in  apparendy  only  un- 
important characteristics,  may  differ  gready  in  their  effects  on  insects, 
quantitatively  if  not  qualitatively. 

To  standardize  such  preparations  therefore  requires  the  deter- 
mining of,  not  how  much  of  a  certain  constituent  there  is  present  — 
for  similar  oils  may  counteract  as  well  as  dilute  the  effect  of  this 
ingredient,  —  but  whether  the  proper  conditions  have  been  obtained,  — 
by  noting  its  action  on  the  insects  themselves.  And  as  it  must  be 
a  method  allowing  of  indefinite  repetition  the  number  of  variable  fac- 
tors must  be  reduced  to  a  minimum. 

The  insect  must  be  detached  from  its  host;  it  must  be  possible 
to  limit  to  a  second  the  time  it  is  exposed  to  the  action  of  the  solu- 
tion and  to  remove  the  protecting  film  of  air  which  prevents  actual 
contact  with  the  insecticide. 

These  conditions  have  been  secured  by  the  use  of  tubes  open  at 
both  ends,  in  wliich  the  insects  may  be  placed  and  imprisoned  by 
covering  the  ends  with  a  porous  cloth  (India  mull).  Then  by  using 
a  hook  which  will  fasten  into  the  cloth,  the  tube  with  the  insects  may 
be  quickly  plunged  into  the  solution.  By  rapid  agitation  the  protec- 
tive air  globules  which  surround  the  spiracles  can  be  removed  so 
that  intimate  contact  with  the  insecticide  results.  At  the  end  of  the 
period  of  time,  usually  one  minute,  during  which  the  insect  is  sub- 
merged, it  b  quickly  removed  with  the  hook  and  the  clinging  solution 
shaken  off,  the  capillary  action  of  the  cloth  tending  to  draw  off  all 
excessive  moisture.  It  is  then  transferred  to  bibulous  paper  and 
covered  with  a  clock  glass  which  allows  suflBcient  air  and  easy 
observation. 

Different  insects  vary  greatly  in  the  rapidity  with  which  they 
recover  from  the  action  of  an  insecticide  too  greatly  diluted  to  be 
effective  and  also  in  the  degree  of  dilution  necessary  to  kill.  Dif- 
ferent insecticides  are  peculiar  in  the  fact  that  the  immediate  and 
ultimate  effects  on  the  same  kind  of  insects  are  so  different. 

In  the  course  of  these  experiments  numbers  of  the  readily  avail- 
able insects  have  been  used,  including  house  flies,  black  ants,  hog 
lice,  sheep  ticks,  cattle  ticks,  dog  fleas,  and  bedbugs  (Cimex  lectu- 
larius).    Each  has  its  pecuUar  disadvantage  as  a  test  insect  even  aside 
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from  the  natural  difficulty  of  catching  it  and  applying  the  material. 
Flies,  ants,  and  lice  are  short  lived  in  captivity,  the  controls  often 
dying  as  soon  as  or  before  those  that  were  dipped;  Southern  cattle 
ticks  have  not  been  studied  in  all  their  stages  of  development;  the 
large  females  under  observation  being  extremely  resistant  to  some 
very  efficient  insecticides;  sheep  ticks  have  the  disadvantage  of 
being  very  slow  to  recover  from  the  effects  of  preparations  which  stu- 
pefy but  do  not  kill ;  fleas  are  too  lively  to  work  with  to  any  advantage ; 
while  bedbugs,  after  one  becomes  accustomed  to  the  odor,  and 
skillful  in  allowing  no  escapes,  have  some  points  of  decided  advantage. 
They  can  be  kept  in  captivity  for  a  considerable  period  of  time  and 
be  almost  as  resistant  as  when  first  captured;  they  are  the  most 
resistant  of  all  the  common  insects;  they  recover  promptly  when  the 
insecticide  is  too  weak  to  be  effective,  and  lasdy,  one  need  not  depend 
on  the  household  pest  for  supplies.  Contrary  to  the  accepted  belief 
that  this  insect  is  found  to  any  extent  only  in  human  habitations, 
the  true  Cimex  lectularius  makes  its  home  with  and  preys  upon  the 
guinea  pig,  and  an  unfailing  supply  may  usually  be  found  in  the 
cracks  and  crevices  of  the  pens. 

One  of  the  difficulties  which  would  naturally  suggest  itself  in  the 
attempt  to  standardize  a  series  of  insecticides  by  the  method  outlined 
is  the  variation  in  the  resistances  of  individual  insects.  This,  how- 
ever, appears  not  to  be  so  serious  as  might  be  expected,  although  in 
every  test  one  must  use  enough  of  them  so  that  exceptional  cases  will 
not  lead  to  erroneous  conclusions. 

One  peculiar  instance  of  variability  noted  in  the  bedbugs,  and 
which  may  therefore  be  avoided  when  working  for  accurate  results, 
is  that  the  young,  light-colored  or  translucent  insects  are  usually  more 
resistant  than  the  larger  full-fed  ones.  This  is  not  invariably  true 
but  occurs  so  frequently  as  to  be  taken  as  a  general  rule. 

The  rapidity  with  which  the  bedbug  recovers  after  being  im- 
mersed in  dilutions  of  insecticides  too  great  to  be  effective  makes 
it  possible  to  arrive  at  prompt  conclusions;  while  its  natural  resis- 
tance makes  it  probable  that  conclusions  drawn  from  results  with 
this  as  the  test  insect  will  hold  good  for  most  others.  By  making 
one  minute  the  invariable  length  of  time  the  insect  is  submerged, 
the  degree  of  dilution  of  the  different  insecticides  may  be  used  to 
determine  the  comparative  efficiencies  of  such  preparations. 

The  effective  working  strengths,  however,  may  not  have  the  same 
ratio  because  of  the  conditions  surrounding  the  insect  when  in  its 
natural  location,  as  each  case  has  its  peculiar  conditions.  A  sheep's 
wool,  for  instance,  will  hold  the  material  in  contact  with  the  insect 
much  longer  than  can  be  hoped  for  when  dipping  swine. 

Having  now  a  method  of  standardization  which  yields  reasonably 
accurate  results,  it  is  possible  to  determine  for  any  certain  purpose 
what  class  of  insecticides  is  most  applicable.    But  the  most  valuable 
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feature  is  the  opportunity  it  oflFers  for  working  out  new  insecti- 
cides or  improvements,  and  determining  at  once  what  advantages 
they  may  possess  over  others  in  killing  power;  and  also  the  pos- 
sibility of  determining  by  further  study  how  insecticides  act  so  that 
more  intelligent  means  may  be  used  for  developing  new  preparations 
or  improvements. 

Without  any  definite  statement  to  that  effect  the  general  propo- 
sition has  been  accepted  that  poisons,  germicides,  and  insecticides 
belong  in  the  same  category.  But  a  glance  at  the  accompanying 
chart  and  table  shows  a  wide  divergence  in  those  values. 

A  point  brought  out  in  the  investigation  of  coal  tar  oils,  and  also 
graphically  shown  in  the  chart,  is  that  by  proper  manipulation  one 
may  obtain  a  product,  the  value  of  which  is  high,  either  as  an  insect- 
icide or  as  a  germicide,  and  that  the  former  property  may  be  excep- 
tionally high.  We  have  confirmed  the  fact  that  the  insecticidd 
value  of  soap  is  very  considerable.  This  might  raise  the  question 
whether  the  average  coal  tar  dip  on  the  market,  the  eflScient  dilution 
of  which  cannot  in  most  cases  be  greater  than  one  in  seventy-five, 
does  not  owe  its  eflBciency  to  the  soap  contained.  But  more  important 
than  that  is  the  question  whether  an  oil  is  in  the  more  eflBdent  con- 
dition in  solution,  or  emulsified  and  in  the  form  of  globules  of 
varying  sizes. 

One  would  think  without  hesitation  that  a  solution,  or  the  very 
finest  possible  emulsion,  would  be  more  eflBcient  because  of  being 
the  more  penetrable.  Results  with  different  oik,  however,  have  not 
been  suflBciently  uniform  to  draw  definite  conclusions.  Further  work 
will  be  required  with  a  greater  range  in  the  oils  used  and  a  greater 
diversity  in  the  conditions  to  decide  this  important  point.  The  solu- 
tion of  this  question  b  inseparably  connected  with  the  greater  one,  of 
how  any  contact  insecticide  performs  its  work. 

The  coal  tar  insecticide  and  coal  tar  disinfectant  mentioned  in 
the  list  of  products  compared  are  made  from  different  parts  of  the 
distillate  from  coal  as  obtained  in  the  production  of  coke  and  gas. 
These  redistilled  portions  of  oil  have  been  separated  to  give,  in  the 
one  case,  that  part  having  the  highest  germicidal  value,  and  in  the 
other,  the  one  having  highest  insecticidal  value.  The  former  is  made 
so  that  dilutions  of  two  per  cent  or  greater  in  water  make  clear  solu- 
tions, while  the  latter  contains  only  suflScient  soap  to  make  a  satis- 
factory emulsion;  the  amount  necessary  varies  with  different  oils, 
but  approximates  a  mixture  containing  twenty  to  twenty-five  per  cent 

An  ideal  preparation  for  general  purposes  would  be  a  mixture 
of  the  two,  but  unfortunately,  all  experiments  to  date  indicate  that  a 
mixture  of  equal  parts  of  the  two  produces  an  insecticide  no  better 
in  value  than  that  of  the  weaker  member;  while  one  would  naturally 
expect  it  to  be  lowered  only  to  the  extent  of  the  fifty  per  cent  dilu- 
tion.   This  would  indicate  that  the  presence  of  certain  constituents 
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in  an  insecticide  must  be  avoided  in  order  to  obtain  one  of  the  high- 
est eflBciency;  to  be  specific,  the  insecticidal  properties  appear^ to  be 
neutralized  by  the  presence  of  carbolic  acid  or  any  member  of  the 
phenol  series;  and  the  value  is  lowered  to  that  of  the  particular 
phenols  which  may  be  present,  although  they  may  constitute  less  than 
ten  per  cent  of  the  whole.  An  oil  containing  eight  per  cent  of  phenols 
and  whose  greatest  insecticidal  value  is  five  fimes  that  of  carbolic 
acid  may  have  that  value  increased  to  one  hundred  and  twenty-five 
by  the  removal  of  the  phenob. 

This  shows  that,  beyond  a  certain  point,  the  phenols  alone  are 
of  very  little  value;  so  little,  in  fact,  that  carbolic  acid  will  not  kill 
the  test  insects  in  the  strongest  possible  aqueous  solution  with  one 
minute's  immersion.  This  dilution  and  time,  however,  have  been 
taken  as  the  unit  for  the  sake  of  using  the  same  substance  as  the 
unit  for  each  of  the  three  properties  —  toxicity,  germicide,  and  in- 
secticide. 

By  comparing,  in  the  charts,  the  insecticidal  values  of  carbolic 
acid  in  aqueous  solution,  a  solution  of  soap,  and  a  mixture  of  the 
two,  one  may  conclude  that  whatever  insecticidal  value  carbolic 
acid  appears  to  have  when  in  contact  with  the  insect  for  one  minute 
is  due  entirely  to  the  soap,  as  it  alone  would  have  been  the  more 
eflBcient. 

The  use  of  a  gaseous  insecticide  has  an  advantage  which  is  in 
many  cases  not  possible  to  obtain  with  liquids,  in  particular  as  a 
means  of  eradicating  household  pests  —  the  bedbug,  cockroach,  ant, 
fly,  mosquito,  and  moth.  But  the  diffusibility  of  gases  while  being 
their  chief  advantage,  is  a  weighty  objection  to  their  use,  because 
many  rooms  and  houses  are  not  suflBciently  tight  to  retain  the  gas. 
The  very  poisonous  or  irritating  gases  like  hydrocyanic  acid  or 
sulphur  dioxide  may  be  effectivp,  while  the  less  poisonous  or  more 
diffusible  gases  never  become  suflSciently  concentrated  to  accom- 
plish much. 

The  method  adopted  for  testing  gaseous  insecticides  is  as  follows : 
The  gas  or  vapor  is  generated  at  the  bottom  of  a  loosely  covered 
glass  cylinder  four  inches  in  diameter  and  twelve  inches  high.  This 
is  placed  in  a  hood  with  closely  fitting  glass  doors  and  with  an  easily 
regulated  exhaust  pipe  for  removing  the  vapors  at  the  end  of  the 
experiment,  also  with  means  for  heating,  either  gas  or  steam,  con- 
trolled from  the  outside.  The  insects  are  placed  in  the  same  tubes 
used  for  dipping  and  are  suspended  in  the  upper  end  of  the  cylinder. 
This  is  for  intimate  contact  with  the  almost  undiluted  vapor.  Then 
two  other  tubes  with  insects  are  placed,  one  on  the  floor  and  one  near 
the  top.  to  determine  the  effect  of  the  more  diffused  gas  or  vapor. 
The  great  difference  between  results  of  action  from  direct  contact 
and  from  the  more  diffused  gases  is  striking,  showing  that  it  is  a 
method  upon  which  no  reliance  can  be  placed.    Bedbugs  recovered 
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in  nearly  every  case  when  exposed  to  diflFused  coal  gas,  formaldehyde, 
carbon  dioxide,  sulphur  dioxide,  camphor  vapors,  and  vapors  of  many 
volatile  oils  including  coal  tar  oib,  pine  oil,  oil  of  pennyroyal,  etc. ; 
when  exposed  to  the  direct  action  of  these,  however,  they  rarely  re- 
covered, except  from  anmionia  gas  and  the  vapors  of  carbon  disul- 
phide.  Hydrocyanic  acid  gas  is  extremely  poisonous  even  when 
quite  diffused ;  the  only  objection  to  it  being  the  fact  that  it  is  equally 
poisonous  to  human  beings.  All  insects,  however,  are  not  so  resist- 
ant to  the  action  of  vapors  and  gases. 

The  chemistry  of  germicides  is  on  a  much  better  basis  than  that 
of  insecticides.  The  chemist  and  the  bacteriologist  working  together 
have  been  able  to  determine  the  constituents  of  coal  tar  and  the  con- 
dition necessary  to  produce  any  possible  germicidal  value,  while  a 
carbolic  acid  coefficient  has  been  assigned  to  most  of  the  coal  tar 
derivatives ;  so  that  in  many  cases  a  chemical  analysis  is  sufficient  to 
determine  their  germicidal  values,  values  which  check  up  very  closely 
with  those  determined  by  a  bacteriological  test.  We  have  found  the 
B,  pyocyaneiis  the  most  satisfactory  test  organism,  the  advantages 
of  which  are  threefold:  its  high  resistance  to  germicides,  its  easy 
growth  on  beef  bouillon  or  other  media,  and  its  diaracteristic  forma- 
tion of  green  pigment.  These  properties  make  it  easy  to  conclude 
as  to  the  dilutions  which  are  efficient  while  its  high  resistance  as- 
sures one  that  any  other  germ  under  Uke  conditions  will  be  destroyed 
in  dilutions  of  the  disinfectant  much  greater  than  are  required  for 
the  B.  pyocyaneus.  There  is  this  disadvantage  to  the  use  of  it 
alone  as  the  test  organism,  that  its  carbolic  acid  coefficient  is  much 
smaller  than  if  almost  any  other  germ  were  used. 

In  the  table  and  chart  the  germicidal  value  of  each  agent  used 
is  expressed  in  terms  of  carbolic  acid,  using  JB.  pyoeyaneus  as  the 
test  organism,  but  to  illustrate  the  selective  action  that  certain  germi- 
cidal products  may  have  toward  certain  organisms,  it  might  be  stated 
that  two  tar  oib  derived  from  coal  distilled  under  different  con- 
ditions can  have  the  same  carbolic  acid  coefficient  based  on  B. 
pyoeyaneus,  while  when  based  on  5.  typhosus  the  value  of  one  is 
nearly  twice  as  great.  These  results  are  not  inconsistent,  but  they 
make  the  value  of  any  comparative  tests  of  germicides  depend  on  a 
complete  account  of  the  method  followed.  In  fact,  so  much  depends 
on  the  minutia  of  details  that  an  absolute  agreement  between  two 
bacteriologists,  working  independently,  is  not  to  be  expected.  The 
method  followed  in  our  experiments  is,  in  some  of  its  features,  very 
similar  to  that  adopted  by  the  Royal  Commission  of  London  for  the 
standardization  of  disinfectants. 

A  twenty-four  hour  growth  of  the  B.  pyoeyaneus  in  bouillon  cul- 
ture medium  is  iSltered  to  break  up  or  exclude  clumps  of  bacteria 
difficult  of  penetration.  Six  drops  of  this  culture  containing  millions 
of  bacteria  are  mixed  with  5  cc.  of  a  dilution  of  the  germicide.    After 
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one  minute's  contact  with  this,  a  subculture  is  made  by  removing  a 
loopful  of  the  solution  which,  if  properly  mixed,  will  contain  a  pro- 
portional number  of  the  bacteria  originally  introduced.  This  loop- 
ful is  planted  in  a  tube  containing  5  or  6  cc.  of  sterile  bouillon, 
which  is  then  placed  in  the  incubator  for  twenty-four  to  seventy-two 
hours,  during  which  time  any  organism  not  destroyed  will  have 
multiplied  sufficiently  to  be  readily  recognized.  Subcultures  are 
made  in  a  similar  manner  after  two,  three,  four,  and  five  minutes' 
contact  between  bacteria  and  germicide,  and  changes  are  made  in 
the  dilution  of  the  latter  until  a  dilution  is  obtained  which  will  allow 
growth  after  two  or  three  minutes'  contact,  but  less  than  five  minutes. 
The  degree  of  dilution  which  will  give  this  result  for  each  preparation 
can  be  used  in  comparison  with  that  dilution  of  carbolic  acid  which 
is  equally  efficient,  to  obtain  what  is  known  as  the  carbolic  acid 
coefficient,  —  a  very  satisfactory  method  of  readily  showing  the 
relative  values  of  different  germicides  under  the  same  conditions. 
But  the  widely  differing  conditions  under  which  germicides  must  be 
used  makes  any  table  of  comparisons  of  only  limited  value. 

That  there  is  very  little  relation  between  the  germicidal  and  insecti- 
cidal  values  is  most  graphically  shown  in  the  case  of  the  coal  tar  prod- 
ucts and  the  mercury  salts;  and  it  can  readily  be  seen  that  no 
chemical  investigation  would  have  revealed  the  facts  brought  out  by 
careful  insecticidal  and  germicidal  tests.  Most  important  of  all  is 
the  fact  that  these  values  are  so  susceptible  to  conditions  not  easily 
recognized  by  a  chemical  assay,  and  that,  therefore,  in  many  cases, 
chemical  specifications  are  without  value  for  designating  any  efficient 
preparation.  To  many  who  are  not  familiar  with  the  fact  that  some 
very  important  pharmacopoeial  preparations  admit  of  no  test  superior 
to  a  biological  examination,  this  may  seem  a  serious  drawback.  But 
surely  no  one  will  deliberately  ignore  the  only  satisfactory  means 
of  judging  the  values  of  3uch  preparations. 

The  toxic  action  of  these  various  products  shows  no  greater  simi- 
larity than  that  of  the  other  properties.  That  the  toxicity  of  the  phenol 
series  of  coal  tar  derivatives  does  not  increase  as  the  members  in- 
crease in  germicidal  value,  has  long  been  known.  In  fact,  the  toxicity 
is,  in  some  cases,  in  inverse  order  to  the  disinfecting  power.  The 
value  of  a  germicide  or  insecticide  depends  often  as  much  on  its  neg- 
ative as  its  positive  qualities;  particularly,  its  lack  of  injury  to  the 
animal  or  the  material  with  which  it  comes  in  contact. 

To  determine  toxicity  of  the  various  salts,  alkaloids,  and  coal 
tar  derivatives  used  in  these  experiments,  the  following  described 
method  was  employed:  Guinea  pigs  were  dosed  per  stomach  by 
means  of  a  catheter  passed  between  the  forcibly  opened  jaws  into 
the  oesophagus,  and  varying  amounts  of  solutions  of  the  different 
drugs  were  injected  through  the  catheter  by  means  of  a  10  cc. 
syringe,  the  end  of  which  fits  into  the  catheter.    This  uniformity  in 
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the  size  of  the  dose  —  10  ec.  in  each  case  —  makes  necessary  a 
great  difference  in  the  dilution  of  the  different  drugs;  the  results 
may,  therefore,  in  some  cases,  be  misleading,  because  of  death  from 
local  irritation  rather  than  from  absorption  of  the  toxic  substance. 
For  that  reason,  no  attempt  was  made  to  determine  the  toxicity  of 
some  compounds  known  to  destroy  tissue  rather  than  to  be  strictly 
poisonous. 

In  the  table  will  be  noticed  the  high  toxicity  of  potassium  cyanide 
in  solution  and  arsenic  and  their  very  great  difference  in  insecticidal 
value,  while  on  the  other  hand  will  stand  out  the  striking  similarity 
in  toxicity  of  coal  tar  derivatives  other  than  carbolic  and  cresylic 
acids  and  their  wide  variations  in  other  respects.  One  peculiar 
effect  that  coal  tar  preparations  have  is  their  being  absorbed  through 
the  skin  of  cats.  When  a  cat  is  dipped  in  a  solution  containing  com- 
pounds of  the  phenol  series,  even  when  the  head  is  not  submerged, 
and  the  animal  is  not  permitted  to  lick  itself  and  so  swallow  some  of 
the  solution,  death  almost  invariably  follows,  unless  the  animal  is, 
within  five  minutq3,  thoroughly  washed  free  from  all  traces  of  the 
solution;  while,  when  so  washed,  recovery  has  followed  in  every 
case  noted.  Where  death  has  followed  the  dipping  of  a  cat  in  a  car- 
bolic dip,  this  has  occurred  after  several  days  of  very  evident  suffer- 
ing with  every  appearance  of  its  being  phenol  poisoning. 

Summary 

1.  The  work  reported  in  this  paper  has  to  do  with  the  insecticides 
when  acting  by  contact  only. 

2.  The  insecticidal,  germicidal,  and  toxic  values  (for  higher  ani- 
mals) have  little  or  no  correlation. 

3.  It  is  possible  to  determine  the  relative  strength  or  value  of 
insecticides  by  immersing  test  insects  in  definite  strengths  of  the 
insecticide,  and  noting  the  strength  required  to  produce  death  in  a 
given  length  of  time. 

4.  The  common  bedbug  (Cimex  lecttdarius)  appears  to  be  the 
most  satisfactory  test  insect. 

5.  As  yet  the  mode  of  action,  the  way  in  which  the  contact  insect- 
icides cause  the  death  of  the  insects,  has  not  been  determined. 

6.  Apparently  the  fewer  the  number  of  spiracles,  the  smaller 
their  size,  and  the  better  they  are  guarded  by  hairs  or  valves,  the  more 
resistant  is  the  insect  to  the  contact  insecticides. 

7.  Chemical  standardization  of  this  class  of  insecticides  is,  with 
our  present  knowledge,  impossible.  With  two  substances,  having 
essentially  the  same  chemical  composition,  the  insecticidal  values 
may  vary  enormously.  Even  the  same  substance,  prepared  with 
what  are  apparently  unimportant  chemical  variations,  gives  widely 
different  insecticidal  values. 
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Table  I 

TOXICITY  VALUES 

Guinea.  Pigs,  10  cc.  Fluid  given  per  Os 


Reagent. 

Weight  of  pig. 

Dose  per  gramme. 

Result. 

(1)  Arsenic  AsaO, 

515  gms. 

.00002 

dead 

420    " 

.00003 

ti 

305    " 

.00004 

it 

700    " 

.00001 

alive 

670    " 

.00002 

dead 

620    " 

.000015 

alive 

680    " 

.00002* 

dead 

(2)  Alcohol 

610    " 

.01 

dead 

560    '* 

.015 

ti 

700    " 

.005 

alive 

595    " 

.007 

(< 

545    " 

.007 

n 

680    " 

.008 

11 

560    " 

.009* 

dead 

(3)  Carbolic  acid 

580    " 

.0006 

alive 

with  water  only 

635    " 

.0008 

it 

685    " 

.0010 

dead 

590    " 

.0008 

It 

530    " 

.0010 

tt 

700    " 

.0005 

alive 

490    " 

.0006 

it 

570    " 

.0007 

It 

575    " 

.0008* 

dead 

515    " 

.0008 

ti 

(4)  Carbolic  acid  and 

480    " 

.0012 

alive 

soap  equal  parts 

520    " 

.0014 

11 

390    '* 

.0016 

dead 

605    " 

.0018 

tt 

645    " 

.0012 

alive 

395    " 

.0014 

'     tt 

490    " 

.0015 

dead 

650    " 

.0014 

alive 

520    " 

.0015 

it 

630    " 

.0016* 

dead 

(5)  Coal  tar  dis- 

815   " 

.002 

alive 

infectant 

655    " 

.004 

dead 

735    " 

.006 

tt 

555    " 

.003 

It 

610    " 

.004 

tt 

710    " 

.001 

alive 

640    " 

.002 

tt 

665    " 

.003 

dead 

700    " 

.002* 

alive 

*   Minimum  lethal  dose  per  gm. 
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TOXICITY  VALUES— continued 
Guinea  Pigs,  10  cc.  Fluid  given  per  Os 


Reagent. 

Weight  of  pig. 

Dose  per  gramme. 

Result. 

(6)  Coal  tar  insecticide 

525  gms. 
755    " 

.002 
.004 

dead 
alive 

440    ■" 

.006 

dead 

595    " 

.008 

it 

585    " 

.002 

alive 

585    " 

.004 

« 

700    " 

.004 

dead 

780    " 

.003 

alive 

590    " 

.004* 

dead 

(7)  Cresylic  acid  and 
soap  equal  parts 

800    " 
600    " 
650    " 

.002 
.003 
.004 

dead 

ti 

715    " 

.001 

alive 

610    " 

.0015 

<< 

545    " 

.002 

dead 

680    " 

.002 

alive 

690    " 

.002* 

dead 

790    " 

.003 

<( 

(8)  Morphine  sulphate 

515    " 

780    " 

.00075 
.00150 

dead 

It 

685    " 

.0004 

alive 

815    " 

.0006* 

dead 

(9)  Nicotine 

515    " 

.00001 

alive 

610    " 

.000015 

It 

•  765    " 

.00002* 

dead 

645    " 

.00003 

tt 

765    " 

.000016 

tt 

616    " 

.00002 

tt 

725    " 

.000015 

tt 

(10)  PotasRium 
cyanide 

540  ." 
510    " 
800    " 

.0001 
.0002 
.00005 

dead 

tt 

tt 

430    " 

.00003 

tt 

570    " 

.000015* 

tt 

585    " 

.000015 

tt 

625    " 

.00001 

alive 

585    " 

.00001 

tt 

(11)  Mercuric  chloride 

354    " 
404    " 

.00005 
.00006 

dead 

it 

375    " 

.00003 

alive 

262    " 

.00003 

tt 

300    " 

.00004* 

dead 

411    " 

.00004 

tt 

*  Minimum  lethal  dose  per  gm. 
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TOXICITY  VALUES  — corOinwed 
Guinea  Piqs,  10  cc.  Fluid  given  per  Os 


1                ■    ■ 

Reagent. 

Weight  of  pig. 

Doee  per  gramme. 

Result. 

(12)  Mercuric  iodide 

340  gms. 

.00002 

alive 

430    " 

.00003 

11 

335    " 

.00003 

It 

327    " 

.00004 

dead 

430    " 

.00004* 

ii 

(13)  Linseed  oU  soap 

560    " 

.001 

alive 

640    " 

.002 

11 

395    " 

.005 

dead 

640    " 

.002 

alive 

655    " 

.003 

a 

670    " 

.004 

ti 

720    " 

.005* 

dead 

Tabi^  II 
GERMICIDAL  VALUES 

COMPARATTVB   VaLUB   BASED   ON    RESISTANCE   OF  B,   pyOCyantUS 

TO  Various  Dilutions 


Reagent. 

Dilution. 

Time  in  minutes  and  results. 

1 

2 

3 

4 

5 

(1)  Arsenic  (As^O,) 

with  soap 

(2)  Alcohol 

(3)  Carbolic  acid 

(Merck), 

with  water  only 

(4)  Carbolic  acid 

and  soap, 
equal  parts 

1:70 
1:100 

1:04 
1:35 
l:2i 
1:02 

1:150 
1:100 
1:75 

•  1:100 
1:75 
1:50 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 
+ 

4- 

+ 
+ 
+ 

*  Minimum  lethal  dose  per  gm. 
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GERMICIDAL    VALUES— con^nwed 

CoMPABATnrs  Value  based  on  Resistance  of  B,  pyoofaneus 
TO  Various  Dilutions 


Reagent. 

Dilution. 

Time  in  minutes  and  results. 

1 

2 

3 

4 

5 

(5)  Coal  tar 

1:600 

+ 

+ 

4- 

_ 

diBinfectant 

1:500 
1:400 

+ 

"" 

- 

- 

■"" 

(6)  Coal  tar 

1:100 

+ 

+ 

4- 

4- 



insecticides 

1:50 

— 

— 

— 

— 

— 

(7)  Cresylic  acid 

1:300 

+ 

+ 

4- 

4- 

4- 

and  soap, 

1:200 

4- 

— 

— 

- 

— 

equal  parts 

1:150 

— 

— 

— 



— 

(8)  Morphine  sulphate 

1:100 

+ 

+ 

4- 

4- 

4- 

1:50 

+ 

+ 

4- 

4- 

4- 

(9)  Nicotine 

1:10 

+ 

+ 

4- 

4- 

- 

(10)  Potassium 

1:100 

+ 

+ 

4- 

4- 

4- 

cyanide 

1:50 

+ 

+ 

4- 

4- 

4- 

(11)  Mercuric  chloride 

1:80000 

+ 

+ 

4- 

+ 

+ 

70000 

+ 

+ 

4- 

4- 

— 

60000 

+ 

+ 

4- 

4- 

— 

50000 

+ 

+ 

4- 

4- 

— 

40000 

+ 

+  ■ 

4- 

— 

_ 

30000 

4- 

+ 

— 

— 

— 

20000 

+ 

— 

_ 

— 



10000 

- 

- 

— 

~ 

(12)  Mercuric  iodide 

1:100000 

+ 



__ 





in  the  form  of 

80000 

+ 

— 

— 

— 



genpicidal  discs 

60000 

— 

— 

— 

— 

— 

(13)  Formaldehyde 

2% 

+ 

4- 

+ 

4- 

4- 

40% 

3% 

+ 

+ 

+ 

4- 

— 

4% 

+ 

4- 

4- 

— 

— 

5% 

4- 

4- 

4- 

— 

— 

6% 

+ 

— 

— 

— 

(14)  Linseed  oil  soap 

1:100 

*+ 

4- 

+ 

4- 

4- 

1 

200 

+ 

+ 

4- 

4- 

4- 
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Table  III 
INSECTICIDAL  VALUES 

Effects  on  Cimex  lectularius  (bedbugs)  when  dipped  in 
Various  Dilutions 


1               Reagent. 

Dilution. 

1:1000 
1:1400 

Time. 

Number  of 
insects  dipped. 

Result. 

1    (1)  Arsenic  in  alkaline 
solution 

1  minute 
1       ^' 

6 
4 

dead 
alive 

(2)  Alcohol 

50% 
70% 
80% 
94% 

1  minute 
1       '' 
1       " 

1       '' 

2 
2 

4 
6 

alive 

(( 

ti 

dead 

1 

(3)  Carbolic  acid  in 

aqueous  solution 

1:50 
1:20 
l:-20 

1  minute 

1  " 

2  " 

4 
4 
2 

alive 

(t       ' 

dead     ' 

(4)  Carbolic  acid  and 
soap  equaj  parts 

1:100 

1:50 

1:33 

1  minute 
1       *' 
1       ** 

2 
4 
4 

.      1 
alive 

tt       ' 

dead     ! 

(5)  Coal  tar  dis- 
infectant 

1:75 
1:100 

1  minute 
1       It 

4 
5 

1 
dead 
alive 

(6)  Coal  tar 

insecticide 

1:500 
1:  1000 
1:1500 
1 :  2000 
1 :  2500 

1  minute 

i            (( 
1            " 

8 

8 
12 

4 
10 

dead 

(< 

(( 
tt 

alive 

(7)  Cresylic  acid  and 
soap  equal  parts 

1:100 

1:50 

1:50 

1  minute 
1       " 
1       << 

4 
2 
4 

alive 

(< 

dead 

1    (8)  Morphine  sulphate 

1:50 
1:100 

1  minute 
1       ** 

4 
4 

alive 

tt 

(9)  Nicotine  10% 

1:20 
1:30 

1  minute 
1       ** 

3 
6 

dead 
alive 

(10)  Potassium 
cyanide 

1:100 
1:200 
1:300 

1  minute 
1       '^ 
1       " 

6 
4 
2 

dead 

alive 

tt 

(11)  Mercuric  chloride 

1:15 
1:30 
1:60 

1  minute 
1       " 

4 
6 
4 

alive 

ft 

tt 

Digitized  by 


Google 


i)26     VII.    INTERNATIONAL   ZOOLOGICAL   CONGRESS 


INSECTICIDAL   WLVES— continued 

Effects  on  Cimex  lectidarius  (bedbugs)  when  dipped  in 
Various  Dilutions 


Reagent. 

Dilution. 

-,.                   Number  of        n      ,^    1 
T"""-          insects  dipped.     ^"^^^ 

(12)  Mercuric  iodide 

in  the  form  of 
germicidal  discs 

(13)  Linseed  oil  soap 

(14)  Formaldehyde 

40% 

(15)  Turpentine 

emulsion 

1:  15 
1:30 
1:50 

1:200 
1:100 
1:50 

1:5 
1:10 

1:750 
1:  1000 

1  minute 
1       " 
1       " 

1  minute 
1       " 
1       " 

1  minute 
1       " 

1  minute 
1       " 

4 
4 
4 

8 

10 

4 

4 
4 

8 
8 

dead     , 

alive     1 

<( 

alive 
dead 

n 

dead 
alive     1 

dead 
alive 

Table  IV 
SUMMARY  OF  TABLES   I,   II,   AND   in 


Reagent. 


Arsenic  Alk.  Sol 

Alcohol 

Carbolic  Acid  Aq.  Sol.    .    . 
Carbolic  Acid  and  Soap  a.  a. 
Coal  Tar  Disinfectant     .    . 
Coal  Tar  Insecticide    .    .    . 
Cresylic  Acid  and  Soap  a.  a. 
Morphine  Sulphate     .    .    . 

Nicotine , 

Potassium  Cyanide  .  .  . 
Mercuric  Chloride  C.  P.  . 
Mercuric  Iodide  (discs)  .  . 
Linseed  Oil  Soap  .... 
Formaldehyde  40%  .  .  . 
Sodium  Hydroxide  .... 

Sulphuric  Acid 

Turpentine  Soap      .... 


Amount  per 
body  weight, 


Toxicity. 


1-50,000 

1-110 

1-1,250 

1-625 

1-333 

1-250 

1-500 

1-1,660 

1-66,670 

1-100,000 

1-25,000 

1-25,000 

1-200 


Effective  Dilution. 


Germicidal. 


1-70 

1-100 

1-75 

1-500 

1-50 

1-200 

1-60  4- 

1-100 

1-50- 

1-30,000 

1-100,000 

1-50 

1-16 

1-50 

1-50 

1-100 


Insectiddal. 


1-1,000 

100 

1-20-1- 

1-33 

1-75 

1-2,500 

1-50 

1-50-1- 

1-300 

1-100 

1-15 

1-15 

1-100 

1-20 

1-33 

1-33 

1-750 
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Table  V 
CO-EFFICIENTS   DERIVED   FROM   TABLE  IV 


Reagent. 

Toxicity. 

Germicidal. 

Insecticidal. 

Arsenic 

1     Alcohol 

1     Carbolic  Acid  Aq.  Sol 

'     Carbolic  Acid  Soap 

Coal  Tar  Disinfectant 

'     Coal  Tar  Insecticide 

!     Cresylic  Acid  and  Soap 

1     Morphine  Sulphate 

Nicotine 

Potassium  Cyanide 

Mercuric  Chloride  C.  P 

Mercuric  Iodide  (discs) 

Linseed  Oil  Soap 

Formaldehyde 

Sulphuric  Acid 

Turpentine  Soap      

40. 
0.09 
1. 

0.5 
0.27 
0.2 
0.4 
1.33 

53. 

83. 

20. 

20. 
0.16 

0.7 
0.025 
1. 

0.75 
5. 
0.5 
2. 
0.5 
1. 

0.5- 
300. 
1000. 
0.5- 
0.16 
5. 
1. 

50. 

0.05 

1. 

2. 

4. 
125. 

2.5 

2.- 
15.  +  - 

5. 

0.5--f 

0.5-f 

5. 

0.4 

15.  +  .. 
40. 

Digitized  by 


Google 


628      VII.    INTERNATIONAL   ZOOLOGICAL   CONGRESS 


03 


s 

§ 

C 
o 


3 


Digitized  by 


Google 


THE   DIAGNOSIS  OF  A  CASE  OF  PARASITISM   IN 
THE   BROOK  TROUT 

EDWIN  LINTON 

Early  in  July,  1905,  I  was  called  on  to  examine  the  trout  in  a 
small  lake  in  the  Catskill  Mountains,  in  order  to  determine  the  nature 
of  certain  abnormal  spots  which  the  owner  of  the  lake  feared  might 
be  the  beginning  of  some  disease  of  a  serious  nature. 

From  the  description  which  I  had  received  before  my  visit  to  the 
lake  I  had,  of  course,  formed  some  opinion  as  to  the  probable  nature 
of  the  trouble,  although  not  acquainted  with  the  situation  further 
than  that  the  trout  were  more  or  less  marked  with  black  spots  on 
the  skin. 

As  it  is  a  rather  unusual  experience  for  a  zoologist  to  be  asked 
to  render  services  of  this  kind,  an  account  of  the  investigation  and  a 
report  of  the  conclusions  reached  may  not  be  uninteresting  as  a  con- 
tribution to  the  section  of  applied  zoology. 

It  is  not  my  purpose  to  present  a  paper  dealing  with  histological 
details,  neither  shall  I  undertake  to  settle  the  systematic  position  of 
the  form  of  which  I  shall  treat.  My  purpose  is  simply  to  give  a  plain 
account  of  the  matter  considered  as  a  problem  in  zoological  diagnosis, 
in  the  order  in  which  the  knowledge  came  to  me,  with  a  statement  of 
the  conclusion  which  appears  to  follow. 

Alder  Lake,  in  which  the  supposedly  diseased  fish  were  living, 
is  situated  in  the  heart  of  the  Catskill  Mountains.  The  first  view 
which  I  had  of  the  lake  removed  one  source  of  apprehension  which 
I  had  feared  might  be  present,  namely,  that  there  was  something  un- 
hygienic in  the  surroundings  which  would  point  to  some  bacterial  or 
fungoid  disease,  diflScult  to  diagnose  and  perhaps  more  difficult  to 
eradicate.  Indeed  it  would  be  hard  to  imagine  a  more  healthful 
region  either  for  man  or  trout.  The  lake  is  about  40  acres  in  area, 
and  is  surrolinded  on  three  sides  by  densely  wooded  heights  rising 
perhaps  800  feet  and  covered  from  top  to  water's  edge  with  the 
virgin  forest.  On  the  remaining  side  is  a  bit  of  pasture  land,  and 
a  few  grassy  knolls  with  scattered  trees  bordering  the  outlet.  The 
only  infringement  on  perfecUy  natural  conditions  is  a  dam  across 
the  outlet  which  confines  the  trout  to  the  lake  and  prevents  the  im- 
migration of  trout  or  other  fish.  There  are  no  dwelling-houses  in 
the  drainage  area  of  the  lake.  The  owner  has  a  well-equipped  hatchi 
ery  on  the  stream  below  the  outlet,  and  allows  no  other  fish  than 
trout  in  the  lake.     The  incoming  streams  all  flow  from  the  forest- 
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covered  area,  and  their  waters  are  clear  and  cold.  The  lake  itself 
is  a  very  beautiful  piece  of  water  and  is  plentifully  supplied  with 
fish  food.  The  owner  did  not  know  how  many  fish  were  in  the  lake, 
but  there  is  reason  for  thinking  that  they  are  abundant,  —  perhaps 
more  abundant  than  they  would  be  under  entirely  natural  conditions. 
The  result  of  some  two  hours'  fishing  on  the  evening  of  our  arrival, 
July  3d,  was  a  catch  of  52  fine  trout.  The  fish  were  in  good  condition 
and  were  sufficiently  gamey  to  give  excellent  sport  in  the  catching. 

Among  the  trout  caught  on  the  evening  of  the  3d  were  a  few 
which  had  spots  on  the  skin  of  the  kind  which  had  attracted  the 
attention  of  the  owner.  None  of  the  fish  had  lafge  numbers  of  these 
spots.  On  about  5%  of  them  as  many  as  20  or  30  spots  could  be 
counted  on  one  side.  Some  of  the  fish  had  none,  others  had  a  very 
small  number,  1  to  4  or  5.  Nine  fish,  caught  on  the  following  day, 
were  very  lightly  infected,  the  majority  of  them  not  at  all.  So  far  as 
these  spots  could  be  made  out  with  the  aid  of  a  simple  lens,  they 
were  seen  to  possess  the  same  essential  characters  as  spots  which  are 
caused  by  distomes  in  the  skin  of  the  cunner  and  tautog  noted  by 
Ryder,  described  later  by  me,  and  honored  with  a  name  by  Dr. 
Stafford.  The  spots,  while  small,  are  conspicuous,  and  consist  of  an 
aggregation  of  black  pigment  which  surrounds  a  clear  central  space. 
In  a  few  cases  the  clear  central  space  is  absent.  There  is  a  slight 
bulging  of  the  epidermis  at  the  center  of  the  spot,  so  that  an  area 
containing  many  of  them  presents  an  embossed  surface  which  can 
be  detected  by  passing  the  hand  lightly  over  it. 

On  the  next  day  after  our  arrival  at  Alder  Lake  a  microscopical 
examination  was  made  of  these  spots  with  the  following  result: 
When  one  of  the  spots  is  opened  the  clear  central  portion  is  seen  to 
contain  a  small,  round  cyst.  The  cyst  lies  just  below  the  epidermis, 
and  is  evidently  the  cause  of  the  slight  bulging  noted  above.  The 
cases  in  which  a  clear  spot  was  absent  were  found  to  represent  early 
conditions  of  encystment.  The  cysts  were  nearly  globular,  from 
0.4  to  0.7  mm.  in  diameter.  Their  walls  were  comparatively  thick, 
and  composed  of  concentric  layers  of  dense  fibrous  connective  tissue. 
A  considerable  number  of  these  cysts  were  examined  with  the  result 
that  a  larva,  or  the  evidence  of  the  former  presence  of  a  lar\'a,  was 
found  in  each. 

One  cyst,  which  measured  0.56  mm.  in  diameter,  had  walls  which 
were  0.15  mm.  thick,  and  contained  a  larva  which  measured  0.22  mm. 
in  length  and  0.14  mm.  in  breadth.  Another,  from  which  a  part  of 
the  wall  had  been  removed,  measured  0.36  mm.  in  diameter,  with 
walls  0.11  mm.  thick.  It  contained  a  larva  which  suggested  the 
genus  Holostomum.  There  was  a  structure  which  appeared  to  be 
'the  rudiment  of  a  comparatively  large  sucker-like  organ,  0.15  mm.  in 
length  and  0.14  mm.  in  breadth.  Two  small  suckers,  not  satisfac- 
torily made  out,  measured  0.036  mm.  and  0.018  mm.,  respectively, 
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in  diameter.  It  was  not  clear  whether  these  latter  structures  repre- 
sented an  oral  sucker  and  pharynx,  or  an  oral  and  ventral  sucker. 
Another  specimen,  when  removed  from  its  cyst,  and  flattened  under 
the  cover-glass,  revealed  two  small  sucker-like  organs  which  sug- 
gested oral  sucker  and  pharynx.  The  length  of  this  larva  compressed 
was  0.28  mm.  It  had  what  appeared  to  be  the  remnant  of  the  tail 
of  a  cercaria.  No  larva  was  found  which  could  be  referred  with 
certainty  to  either  of  the  genera  Distomum,  Diplostomum,  or  Holos- 
tomum.  The  greater  number  of  the  larvee  which  were  examined 
were  living.  A  few  cysts  were  found  which  contained  granular, 
degenerate  tissue  only.  These  came  from  a  fish  which  had  rather 
numerous  cysts.  None  of  the  larvae  seen  were  suflSciently  developed 
to  admit  of  satisfactory  determination.  In  more  than  one  case  the 
genus  Holostomum  was  suggested,  and  in  at  least  one,  the  genus 
Diplostomum  dimly  indicated. 

Sections  of  the  cysts,  while  revealing  some  interesting  details, 
throw  no  light  on  either  the  specific  or  generic  identity  of  the  larva. 

They  are  probably  near  the  form  found  by  Stafford  in  SemotUns 
bidlaris  and  Esoxm  liudiis,  and  called  by  him  Dijdostomum  parwlum. 
(ZooL  Anzeig.,  27,  p.  494.) 

Touching  the  source  of  infection  not  much  can  be  said  with  cer- 
tainty at  present.  Some  data  were  collected  which,  it  was  hoped, 
might  afford  some  clue  to  the  life  history  of  the  parasite.  Of  the 
sixty  or  more  fish  which  were  examined  for  skin  parasites  about 
half  were  examined  for  internal  parasites.  Thus  the  contents  of  the 
alimentary  canals  were  washed  and  decanted  several  times  and  then 
examined  very  carefully.  They  were  found  to  be  unusually  free  from 
entozoa. 

Two  specimens  of  a  distome  were  found,  one  in  each  of  two  trout. 
I  have  not  attempted  to  identify  the  species  further  than  to  satisfy 
myself  that  they  have  nothing  to  do  with  the  skin  parasite.  A  few 
notes  made  at  the  time  of  collecting  are  here  given : 

Length  2.45  mm.,  breadth  1.26  mm.;  diameter  of  oral  sucker 
0.32  mm.,  of  pharynx  0.23  mm.,  of  ventral  sucker  0.43  mm. ;  ova 
comparatively  large,  0.060  by  0.045  mm.  in  the  two  principal  diam- 
eters. ^\^len  compressed  the  greatest  breadth  was  at  about  the  an- 
terior third  in  the  vicinity  of  the  ventral  sucker,  whence  it  tapered  to 
the  posterior  end,  and  slightly  to  the  bluntly  rounded  anterior  end. 

Two  only  of  the  trout  examined  harbored  cestode  parasites. 
These  belonged  to  the  species  Diboihrium  infundibuliforme.  Of 
these  there  were  4  scoleces  and  several  fragments  of  strobiles,  the 
longest  measuring  70  mm.,  in  one  fish;  and  15  scoleces  and  several 
fragments  of  strobiles,  the  longest  35  mm.,  in  the  other. 

The  food  of  the  trout  examined  for  entozoa  was  insects  and 
snails,  of  which,  especially  of  the  latter,  there  was  great  abundance 
in  the  lake. 


Digitized  by 


Google 


632      VII.    INTERNATIONAL   ZOOLOGICAL   CONGRESS 

A  jar  of  material,  collected  from  the  margin  of  the  lake  by  Dr. 
Tarieton  H.  Bean,  was  turned  over  to  me.    It  contained  the  following: 

1.  Rana  vindescens. 

2.  Rana  caiesheyana  (tadpole). 

3.  Diemydilus  viridescens. 

4.  Planorbis  trivolvis. 
.    5.    Limnea  columella. 

6.  Leech. 

7.  Caddis-fly  larvse. 

8.  Clusters  of  insect  eggs  on  leaf  of  flag. 

The  mantels  of  the  snails  were  thickly  beset  with  minute  cysts 
having  thick  walls.  A  tj^ical  cyst  was  oval  and  measured  0.037  by 
0.025  mm.  in  the  two  principal  diameters. 

There  was  no  opportunity  of  examining  any  fish-eating  birds  in  the 
\ncinity  of  the  lake;  indeed  no  birds  of  this  kind  were  seen.  One  of 
the  care-takers  of  the  estate  told  me  that  in  the  migratory  season 
many  water-birds  pass  that  way;  also  that  kingfishers  frequent  the 
lake,  and  further,  that  a  pair  of  herons  nested  somewhere  in  the 
forest  bordering  the  lake,  and  fished  at  night  in  the^lake. 

Since  it  is  well  known  that  species  of  Diplostomum  are  harbored 
in  the  adult  stage  by  the  heron  and  other  fish-eating  birds,  and  that 
the  immature  stage  of  species  of  this  genus  occurs  encysted  in  the  liver 
and  other  viscera  of  several  species  of  fish,  I  felt  justified  in  conclud- 
ing that  the  skin  parasite  of  the  trout  in  this  Catskill  lake  are  imma- 
ture encysted  forms  of  a  trematode  which  has  some  fish-eating  bird 
for  its  final  host.  That  the  fish  probably  became  infected  when  the 
lake  is  visitcxl  by  migratory  water-birds  in  the  autumn  and  spring. 
Also  that  a  lessening  of  the  degree  of  parasitisnr,  in  case  it  should 
increase  enough  to  become  annoying,  might  be  expected  if  systematic 
efforts  were  taken  to  keep  fish-eating  birds  from  frequenting  the  lake. 

What  relation,  if  any,  the  encysted  parasite  of  the  snails  has  with 
the  skin  parasite  of  the  trout  I  am  unable  to  say. 

My  observations  at  the  lake  were  confined  to  the  evening  of  the 
3d  and  the  day  of  the  4th  of  July.  A  thorough  study  of  such  a 
lake  with  observations  extending  over  all  the  months  of  the  year 
should  yield  valuable  results. 

Since  writing  the  foregoing,  I  have  received  an  answer  to  my 
letter  of  inquiry  from  Mr.  S.  D.  Coykendall,  the  owner  of  the  estate 
on  which  Alder  Lake  is  situated.  At  the  risk  of  appearing  to  be  doing 
the  unprofessional  thing  of  publishing  a  testimonial  from  a  patient, 
I  venture  to  make  the  following  quotation  from  Mr.  Coykendall's 
letter : 

RoNDOUT,  N.  Y.,  Aug.  13,  1907. 

...  I  am  glad  to  say  that  your  diagnosis  was  entirely  correct.  We  opened 
a  vigorous  campaign  against  the  kingfishers,  and  the  spots  rapidly  diminished. 
At  present  there  are  practically  none. 
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THE   FRESH  WATER  MUSSELS  IN  RELATION  TO  THE 

BUTTON   INDUSTRY:  THE   QUESTION   OF 

FUTURE   SUPPLY 

W.  C.  CURTIS 

During  the  past  three  years,  the  ^^Tlte^  and  his  colleague,  Pro- 
fessor George  Lefevre  of  the  University  of  Missouri,  have  been  engaged 
in  a  study  of  the  fresh  water  mussels  from  the  INIississippi  Valley, 
with  a  view  to  determining  what  can  be  done  to  conserve  and  increase 
the  supply  of  such  forms  as  are  used  in  the  making  of  pearl  buttons. 
This  investigation  has  been  under  the  patronage  of  the  United  States 
Bureau  of  Fisheries  which,  in  the  spring  of  the  present  year,  was 
able  to  outline  a  much  more  extensive  and  definite  program  of  in- 
vestigation than  its  means  had  previously  allowed.  This  increased 
activity  in  the  investigation  is  made  possible  by  the  funds  secured  for 
the  Bureau  through  the  representations  of  the  pearl  button  manu- 
facturers, all  of  whom  agree  that  this  important  industry  will  be 
facing  a  very  serious  crisis  unless  some  steps  can  be  soon  taken  for 
the  protection  of  the  existing  supply  and  its  increase  by  methods  of 
artificial  propagation. 

The  shell  fishing  began  with  the  making  of  the  first  buttons  in 
1891  at  Muscatine,  Iowa,  and  from  that  day  has  steadily  increased. 
In  1898  the  U.  S.  Fish  Commission  investigated  the  industry  and 
published  a  quite  extensive  report  on  its  history  and  its  condition  at 
that  time.  This  report  pointed  out  the  complete  destruction  of  beds 
in  the  Mississippi  which  a  few  years  before  had  seemed  inexhaustible, 
and  laid  particular  emphasis  upon  the  warning  that  such  reckless 
destruction  as  was  then  going  on  must  inevitably  reduce  the  supply 
of  raw  material  to  a  point  where  it  would  be  commercially  impos- 
sible, even  if  the  species  used  were  not  exterminated.  This  warning, 
if  heeded  at  all,  produced  little  result  and  now,  ten  years  later,  we 
are  confronted  with  a  situation  where  the  supply  is  fast  approaching 
the  danger  point  and  where  the  industry  in  so  far  as  it  depends  upon 
a  cheap  local  supply  of  raw  material,  is  doomed  to  failure  unless  ade- 
quate steps  can  soon  be  taken  to  place  the  mussel  supply  upon  a  per- 
manent basis. 

In  a  recent  trip  to  the  factories  at  the  centre  of  the  manufacturing 
region,  the  writer  was  everywhere  assured  of  cordial  and  active  help 
by  the  men  engaged  in  the  business  and  of  their  desire  to  so  bring 
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before  Congress  the  needs  of  their  industry  as  to  insure  adequate 
financial  support  for  whatever  investigations  the  Fisheries  Bureau 
wishes  to  pursue.  We  have,  therefore,  every  hope  that  the  investiga- 
tion will  proceed  unhampered  in  the  matter  of  funds,  and  as  the  Bureau 
has  given  us  entire  freedom  in  the  investigation,  simply  asking  that 
we  put  forth  our  best  efforts  toward  the  solution  of  the  problem  and 
take  up  any  and  all  problems  which  seem  to  have  any  bearing  upon 
the  question  of  increasing  the  supply,  we  hope  to  receive  no  check 
to  our  plans  save  from  the  exigencies  of  the  problems  in  hand.  WTiile 
making  a  survey  of  the  existing  beds  we  expect  to  spend  much  of  the 
open  season  each  year  in  the  examination  of  old  and  new  localities 
throughout  the  Mississippi  Valley,  and  this  work  will  be  augmented 
by  special  expeditions  which  will  be  sent  out  to  particular  localities 
by  the  Bureau.  This  last  has  already  been  begun  by  the  investigation 
of  the  Mississippi  and  the  Ohio  rivers  in  the  present  summer. 

At  the  University  of  Missouri  in  Columbia,  Missouri,  we  have, 
during  the  past  three  years,  continued  studies  which  I  began  some 
years  before  and  which  by  the  artificial  infection  of  fish  with  glochidia 
have  given  us  every  reason  to  believe  that  we  can  this  fall  begin  the 
infection  of  fish  on  a  large  scale  and  the  turning  of  them  lcx>se  in 
localities  favorable  to  the  mussels  when  they  leave  the  fish.  The 
species  used  in  our  aquaria  have  lived  even  after  the  rough  handling 
incident  to  dissecting  them  from  the  fish  just  before  they  would  nor- 
mally drop  from  the  fins  and  when  allowed  to  detach  themselves  in 
the  normal  fashion  are  entirely  able  to  take  up  their  life  on  the  bottom. 
An  examination  of  fish  from  localities  where  mussels  abound  shows 
but  few  which  are  infected  with  glochidia,  while  experiments  niith 
similar  fish  show  them  to  be  capable  of  carrying  many  more  of  the 
parasites  than  the  chance  of  nature  ever  brings  to  them,  and  this 
extra  infection  is  easily  accomplished  by  confining  them  for  a  few 
moments  in  a  small  mass  of  water  containing  glochidia  in  the  proper 
stage  of  development.  Indeed,  the  only  thing  to  be  guarded  against 
is  an  over-infection  in  which  the  presence  of  hundreds  of  glochidia 
on  a  single  fin  may  cause  the  death  of  the  fish  within  a  few  days. 

We  believe  from  experiments  with  different  species  of  minnows, 
perch,  and  sunfish  that  a  number  of  very  interesting  points  may  be 
brought  out  by  a  thorough  study  of  the  reaction  of  different  species 
to  the  glochidium. 

That  bodies  of  water  suitable  for  a  given  species  may  be  stocked 
with  that  form  by  the  introduction  of  fish  infected  with  the  glochidia 
of  the  species,  we  believe  is  demonstrated  by  a  study  of  certain  arti- 
ficial ponds  in  the  vicinity  of  Columbia,  Missouri.  In  this  region  it 
is  customary  by  excavating  or  damming  to  produce  ponds  of  varving 
size  in  which  the  water  is  held  the  year  round  by  the  impervious  nature 
of  the  clay  soil.  Many  of  these  ponds  have  been  stocked  with  fish, 
and  frequently  the  exact  age  as  well  as  the  dates  of  stocking  can  be 
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easily  obtained.  We  have  thus  a  miscellaneous  record  of  ponds  all 
the  way  from  forty  years  or  more  of  age  to  those  of  a  few  years  back. 
Twelve  separate  ponds  have  been  found,  all  of  them  now  containing 
fish,  which  have  also  in  varying  abundance  the  species  Unto  tetralas- 
miLS  say  which  it  seems  unlikely  can  have  been  introduced  in  any 
way  save  as  glochidia  attached  to  fish.  From  one  pond  which  is  six 
years  of  age  and  into  which  the  fi^h  were  introduced  during  the  first 
season,  we  have  taken  many  specimens  of  thiS  mussel  as  long  as  four 
inches,  and  I  have  been  told  by  one  of  the  button  manufacturers  who 
examined  these  shells  that  it  would  be  possible  to  make  buttons  from 
such  shells,  though  their  thinness  would,  of  course,  prevent  the  but- 
tons being  of  the  best  quality.  The  uniform  nature  of  these  ponds, 
the  fact  that  various  species  of  fish  from  many  localities  have  been 
introduced  into  them,  and  that  only  one  species  of  mussel  is  found, 
suggests  that  of  the  glochidia  introduced  only  those  of  Unio  tetralasmus 
say  have  become  adult  since  it  is  hardly  likely  that  such  a  miscel- 
laneous collection  of  fish  could  have  had  but  one  species  of  mussel 
infecting  them  all. 

The  planting  in  such  ponds  of  heavy  shelled  mussels  suitable  for 
button  making  has  shown  that  the  adults  can  live  for  a  period  of  two 
years  at  least,  hence  the  destruction  of  the  species  other  than  U. 
tetralasmus,  if  it  occurred,  would  seem  to  be  in  the  early  stages.  The 
thorough  study  of  the  conditions  most  favorable  for  the  survival  of 
the  desirable  species  in  ponds  and  streams  is,  of  course,  essential  to 
a  satisfactory  method  of  artificial  propagation ;  and  we  also  feel  that 
there  are  bound  up  in  it  many  points  of  considerable  theoretical 
interest. 

If  we  now  outline  the  work  under  way  and  the  ends  to  be  accom- 
plished they  may  be  briefly  stated  as  follows :  — 

1.  To  work  out  a  practical  method  of  artificial  propagation. 

2.  To  determine  by  the  investigation  of  the  growth,  distribution, 
habits,  and  habitat  of  these  forms,  what  are  the  rational  methods  to 
be  employed  in  maintaining  beds  which  are  or  shall  be  established. 

3.  To  monograph  the  embryology  of  American  Unionidae  in  such 
a  way  that  our  own  results  and  the  scattered  papers  of  the  literature 
may  all  be  brought  into  a  convenient  place,  and  to  do  the  same  ser- 
vice for  such  other  lines  of  observation  as  are  covered  thoroughly  in 
the  course  of  the  work. 

Such  an  investigation  will,  I  believe,  tax  one's  best  efforts  in  the 
study  of  purely  scientific  problems  and  if  it  shall  eventually  succeed 
in  placing  an  industry  employing  thousands  of  individuals  and  repre- 
senting millions  of  invested  capital  upon  a  safe  foundation  it  will 
need  no  further  justification. 
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HOW   CAN   THE   UNIOS   BE   PROTECTED   FROM 

EXTERMINATION? 

GEORGE  F.  KUNZ. 

That  the  first  fishing  of  the  pearl-mussel  in  the  United  States 
was  not  for  pearls  seems  very  evident  from  the  fact  that  we  find 
fresh-water  shell  heaps  at  some  distance  from  the  shore,  all  the  way 
from  Ohio  to  Idaho,  and  even  into  British  Columbia.  It  is  almost 
certain  that  the  shell  was  first  sought  by  the  aborigines  for  the  animal 
which  it  contained,  and  which  they  used  as  food,  and  that  the  pearls 
were  found  by  chance,  although  they  were  soon  appreciated  and 
used  as  ornaments. 

Since  the  finding  of  the  pearl  in  this  country  there  have  been 
numerous  "pearl-fevers."  The  first  was  that  in  the  Moravian  set- 
tlement, near  Bethlehem,  Pa.,  in  1777.  Then  the  great  excitement 
at  Notch  Brook,  N.  J.,  in  1856,  when  the  Queen  Pearl  was  found, 
which  was  subsequently  sold  through  Tiffany  &  Co.  to  the  Empress 
Eugdnie  for  12,500  francs.  This  led  to  the  absolute  cleaning  out  of 
every  brook  in  the  State  of  New  Jersey,  and  the  excitement  spread 
westward  for  a  number  of  years.  From  about  1865  to  1870  the 
Litde  Miami  River  and  its  tributaries  were  fished  in  the  same  ruth- 
less manner.  Thereupon  followed  the  excitement  in  Wisconsin,  in 
the  vicinity  of  Albany,  and  in  other  places.  Soon  after,  great  enthu- 
siasm was  aroused  by  the  discovery  of  pearls  in  the  State  of  Tennes- 
see, in  the  vicinity  of  the  Quincy  River.  Then  came  the  turn  of  the 
White  and  Black  rivers,  and  certain  inland  lakes  in  the  State  of 
Arkansas.  A  little  later  the  upper  Mississippi  Valley  in  the  vicinity 
of  Des  Moines  became  the  scene  of  operations;  for  hundreds  of 
miles  up  and  down  the  river  boats  were  fitted  out,  rakes  were  used, 
and  the  moUusks  were  gathered  by  the  hundred  ton,  so  many,  in 
fact,  that  one  hundred  button  factories  were  established,  and  peark 
have  been  sent  to  New  York  and  the  European  markets  by  the 
hundred  and  the  thousand  ounces,  so  that  it  may  be  safely  said  that 
at  least  $200,000,  if  not  as  much  as  $500,000,  worth  of  pearls  in  one 
year  have  been  obtained  from  these  waters. 

About  eight  years  ago  the  writer  endeavored  to  have  a  bill  in- 
troduced in  our  legislature,  regulating  the  fishing,  as  this  had  been 
done  in  Saxony  for  nearly  two  hundred  years;  but  he  was  op- 
posed on  the  ground  that  a  trust  was  endeavoring  to  interfere  with 
the  rights  of  the  poor  working  man.    The  result  is  that  at  this  writ- 
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ing,  with  the  exception  of  the  four  hundred  miles  of  the  Wabash 
fisheries,  which  were  opened  three  years  ago,  and  those  of  the  Illinois 
River  fisheries,  all  the  fisheries  previously  mentioned  have  been 
depleted,  and  the  fresh-water  mussel  has  not  only  been  recklessly 
destroyed,  but  in  many  cases  has  been  almost  entirely  eradicated 
from  the  waters  of  the  brooks  and  rivers  which  formerly  teemed 
with  this  form  of  life. 

The  late  Dr.  Isaac  Lee  has  described  some  hundreds  of  species 
of  Unio,  —  specimens  which  he  owned  himself,  —  and  he  has  for- 
tunately donated  a  large  collection  to  the  United  States  National 
Museum,  so  that  no  matter  what  may  result  we  are  assured  that  one 
great  collection  will  exist  in  this  country. 

American  Fresh  Waters 

The  most  recently  developed  pearl  fisheries  are  within  the  limits 
of  the  United  States,  in  the  rivers  and  fresh-water  lakes,  and  espe- 
cially those  in  the  Mississippi  Valley.  As  an  important  industrial 
enterprise,  these  fisheries  are  less  than  two  decades  old,  yet  they 
are  very  productive,  yielding  annually  above  half  a  million  dollars* 
worth  of  pearls,  many  of  which  compare  favorably  with  the  choicest 
from  Oriental  seas. 

The  prehistoric  mounds  in  the  Mississippi  Valley  present  evi- 
dence of  the  estimation  in  which  pearls  were  held  by  a  race  of  men 
who  passed  away  ages  before  America  was  first  visited  by  Europeans. 
In  some  of  these  mounds,  erected  by  a  long-forgotten  race,  pearls 
have  been  found  not  only  in  hundreds  and  in  thousands,  but  by 
pecks  and  even  by  bushels.  Some  of  these  equal  three-quarters  of 
an  inch  in  diameter,  and  in  quantity  exceed  the  richest  individual 
collections  of  the  present  day.  Damaged  and  partly  decomposed  by 
heat  and  through  centuries  of  burial,  they  have  lost  their  beauty, 
and  are  of  value  only  to  the  archaeologist  and  to  indicate  the  great 
wealth  of  pearly  treasures  possessed  by  these  early  people. 

In  each  of  five  distinct  groups  of  mounds  in  Ohio,  Dr.  E.  H. 
Davis  found  hundreds  of  pearls,  some  spherical,  but  mostly  irregu- 
lar, and  measuring  from  one-fourth  to  three-quarters  of  an  inch  in 
diameter.* 

More  recently  large  deposits  of  pearls  were  found  in  tumuli  of 
the  Scioto  and  Miami  valleys  in  Ohio.  From  one  mound  in  Little 
Miami  valley  Prof.  F.  W.  Putnam  secured  60,000  pearls,  "nearly 
two  bushels  "  in  measure,  some  drilled  and  some  undrilled.  In  the 
Marriott  mound  he  found  over  250  pearls,  all  drilled  and  varying  in 
size  from  one-tenth  to  one-half  inch  in  diameter.*    These  were  de- 

*  Squier  and  Davis,  Ancient  Monuments  of  the  Mississippi  VaUey,  p.  262,  Wash- 
ington, 1848. 

»  Eighteenth  Report,  Peabody  Museum,  p.  449,  1886. 
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composed  and  partly  disintegrated,  so  that  they  would  crumble  when 
handled;  but  it  is  probable  that  when  new  they  were  lustrous  and 
beautiful. 

Within  the  Hopewell  group  of  mounds  near  Chillicothe,  Ohio, 
Mr.  W.  K.  Moorehead  secured  in  1891-1892  two  or  three  bushels 
of  pearls,  numbering  several  hundred  thousand,  ranging  in  size  from 
that  of  a  small  millet  seed  to  one-half  of  an  inch  in  diameter,  and 
all  rudely  drilled,  apparendy  for  the  purpose  of  attaching  them  to 
clothing.  Many  smaller  collections  were  found  in  the  groups  above 
mentioned,  but  in  isolated  mounds  outside  of  these  main  groups  few 
pearls  have  been  reported. 

The  first  awakening  to  a  realization  of  the  value  of  fresh-water 
pearls  in  America  occurred  fifty  years  ago,  when  several  beautiful 
gems  were  marketed  from  the  northern  part  of  New  Jersey.  The 
story  of  this  find  has  been  frequently  told.  A  shoemaker  named 
David  Howell,  who  lived  on  the  outskirts  of  Paterson,  occasionally 
relieved  the  monotony  of  his  trade  by  a  fishing  excursion  to  some 
neighboring  stream,  where  he  would  usually  collect  a  "mess"  of 
mussels.  Returning  from  one  of  these  visits  to  Notch  Brook  in  the 
spring  of  1857,  the  mussels  were  fried  with  the  usual  abundance  of 
grease  and  heat.  After  this  preparation,  one  of  them  was  found  to 
contain  a  large,  round  pearl  weighing  "nearly  400  grains,"  which 
possibly  might  have  proven  the  finest  of  modern  times,  had  not  its 
luster  and  beauty  been  destroyed  by  the  heat  and  grease.*  Had  the 
pearl  been  discovered  in  time,  its  value  might  have  exce^ed  $25,000, 
thus  making  poor  Howell's  fried  mussels  one  of  the  most  expensive 
suppers  ever  served  in  America. 

Hoping  to  duplicate  his  wonderful  find,  Howell  collected  and 
searched  other  mussels,  and  his  example  was  followed  by  several  of 
his  neighbors.  Within  a  few  days  a  magnificent  pink  pearl  was 
found  by  a  Paterson  carpenter  named  Jacob  Quackenbush.  This 
weighed  93  grains,  and  was  sold  to  Messrs.  Tiflfany  &  Co.,  New  York 
City,  for  $1,500;  and  by  them  it  was  sold  for  12,500  francs  to  the 
young  and  beautiful  Empress  Eugenie,  from  whom  and  from  its 
great  luster  it  derived  the  name  "Queen  Pearl."  Its  present  niarket 
value  would  doubtless  amount  to  $10,000  or  more. 

When  news  of  the  very  large  price  received  for  Quackenbush's 
find  became  public,  great  excitement  developed  in  the  vicinity  of 
Notch  Brook.  Persons  came  from  all  directions  to  search  in  the 
shallow  streams  for  valuable  pearls.  Farmers  of  the  neighborhood 
tried  their  luck,  and  also  mechanics  and  other  residents  of  the  adja- 
cent villages  and  towns,  and  even  from  Newark,  Jersey  City,  and 
New  York.  An  old  resident,  who  was  an  eye-witness,  describes  the 
scene  as  one  of  great  animation,  the  crowds  of  people  and  the  horses 
and  wagons  along  the  shore  giving  "an  appearance  of  camp-meeting 
»  Frank  Leslie's  Magazine,  Vol.  Ill,  pp.  384-386,  1857. 
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time."  At  least  one  schoolmaster  in  the  vicinity  is  said  to  have  closed 
his  school  to  give  his  pupils  an  opportunity  to  engage  in  the  hunt. 

With  trousers  rolled  up,  the  people  waded  into  the  shallow  water 
and  sought  for  the  mussels  in  the  mud  and  sand  on  the  bottom.  Many 
pearls  were  secured,  but  none  approached  in  size  or  value  the  two 
above  noted.  During  1857,  the  New  York  City  market  received 
about  $15,000  worth  of  pearis  from  these  waters,  and  in  addition 
many  were  sold  locally  or  retained  as  souvenirs  of  the  hunt.  At  the 
low  price  of  pearls  existing  then,  this  figure  would  mean  possibly 
ten  times  as  much  at  present,  or  $150,000. 

The  active  search  soon  depleted  the  resources  of  the  little  stream, 
so  that  in  the  following  year  the  reported  value  of  the  yield  was  only 
a  few  thousand  dollars.  The  decrease  continued  until  in  a  few  years 
practically  every  mussel  was  removed,  and  at  present  scarcely  a 
single  Unio  is  to  be  found  in  these  waters. 

The  interest  in  pearling  extended  far  from  the  place  of  the  original 
find;  and  in  Pennsylvania,  Ohio,  and  even  as  far  away  as  Texas, 
search  was  made  in  the  streams.  In  the  Colorado  and  its  tributaries, 
about  20,000  were  found  in  a  short  while.  Most  of  these  were  small 
and  unattractive,  but  a  considerable  number  were  reported  "as 
large  as  pepper-corns"  and  a  few  "the  size  of  a  small  rifle  ball," 
the  number  decreasing  with  the  increase  in  size.  A  correspondent 
in  the  Neue  Zeit  wrote: 

"Sometimes  they  are  round,  sometimes  cylindrical,  elliptical,  hemi- 
spherical, or  of  an  altogether  irregular  shape.  The  finest  have  a  milk- 
white,  silvery  sheen ;  many,  however,  are  reddish,  yellow,  bluish  brown, 
or  quite  black;  the  last  naturally  have  no  value  whatever.  As  to  their 
value,  there  is  considerable  uncertainty,  and  it  can  easily  be  understood 
that  those  who  have  a  great  number  of  them  in  their  poss'^ssion  greatly 
overestimate  them.  So  far  they  are  found  principally  in  the  Llano  and 
the  San  Saba."  ^ 

After  the  resources  in  northern  New  Jersey  were  depleted  and  the 
excitement  had  died  out,  little  was  heard  of  pearling  in  this  country 
until  1876,  when  many  were  found  in  Little  Miami  River  in  south- 
western Ohio.  During  that  year,  about  $25,000  worth  were  collected 
in  the  vicinity  of  Waynesville  on  that  stream.  Mr.  Israel  H.  Harris, 
a  banker  of  Waynesville,  then  began  collecting  these  pearls;  and  by 
purchasing  during  several  years  nearly  every  interesting  specimen 
found  in  the  vicinity,  he  made  his  collection  one  of  the  largest  and 
best  known  in  the  country.  When  sold  some  years  ago,  it  contained 
several  thousand  pearls,  mostly  of  small  size,  averaging  in  weight 
little  more  than  one  grain  each.  Included  in  it  was  a  series  of  orna- 
ments, in  which  the  gems  were  arranged  according  to  color,  so  that 
in  one  the  pearls  were  green,  in  another  purplish  brown,  in  another 

»  Ausland,  No.  8,  p.  192,  1858. 
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pink,  in  another  waxy  white,  and  in  one  a  cream  white.  It  also  con- 
tained a  button-shaped  pearl  weighing  38  grains,  also  several  pink 
ones  almost  translucent.  A  pink  pearl  of  8  grains  was  admired  by 
all  who  saw  it ;  by  reflected  light  this  had  the  color  and  translucency 
of  a  drop  of  molten  silver.  A  large  portion  of  this  collection  was 
exhibited  in  the  American  section  of  the  Paris  Exposition  in  1889, 
and  was  awarded  a  g6ld  medal. 

From  Ohio  the  industry  gradually  extended  westward  and  south- 
ward and  new  fields  were  developed,  pearls  to  the  value' of  about 
$10,000  annually  coming  on  the  market  from  such  widely  separated 
States  as  Vermont,  Kentucky,  Tennessee,  Florida,  Texas,  Washing- 
ton, etc.  However,  little  general  interest  was  taken  in  fresh-water 
pearls  and  few  choice  ones  were  found  until  the  magnificent  resources 
of  the  upper  Mississippi  Valley  were  discovered.  Owing  to  the  ease 
with  which  the  mollusks  may  be  collected  by  wading,  it  was  in  the 
relatively  shallow  tributaries  that  the  fishery  first  developed  rather 
than  in  the  deep  channels  of  the  main  stream  and  of  the  large 
affluents. 

The  first  region  in  the  Mississippi  Valley  to  attract  attention  was 
southwestern  Wisconsin.  Early  in  the  summer  of  1889  many  beauti- 
ful pearls  were  found  in  Pecatonica  River,  a  tributary  of  Rock  River, 
which  in  turn  empties  into  the  Mississippi.  Within  three  months, 
$10,000  worth  of  gems  were  sent  from  this  region  to  New  York  City 
alone,  including  one  worth  $500,  which  was  a  very  considerable  sum 
for  a  fresh-water  pearl  at  that  time.  The  interest  quickly  spread  to 
neighboring  waters,  and  within  a  short  time  pearls  were  found  also 
in  Sugar  River,  in  Apple  River,  in  Rock  River,  in  Wisconsin  River, 
and  in  the  Mississippi  in  the  vicinity  of  Prairie  du  Chien.  The  fact 
that  little  experience  and  no  capital  was  required  for  the  business, 
drew  large  numbers  of  persons  to  the  newly-found  Hondike;-  and 
the  finds  were  so  numerous  and  of  such  high  quality  that  about 
$300,000  worth  of  pearls  were  collected  before  the  end  of  1891, 
gready  exceeding  all  records  for  fresh  waters. 

Shortly  following  the  outbreak  of  pearling  in  Wisconsin  came  die 
development  of  interest  in  certain  parts  of  Tennessee.  For  many 
years  pearls  had  been  secured  from  the  Cumberland  and  Tennessee 
rivers  and  their  tributaries,  especially  Caney  Fork,  Duck,  Calfkiller, 
and  Elk  rivers,  the  headquarters  of  the  fishery  and  the  local  markets 
being  Carthage,  Smithville,  Columbia,  and  Arlington.  The  search 
had  been  conducted  in  a  moderate  way  by  pleasure  parties  in  the 
summer  and  by  farmers  after  the  crops  had  been  laid  aside. 

In  1901  interest  in  pearling  developed  in  the  mountain  r^ons 
of  eastern  Tennessee,  especially  along  Clinch  River.  These  newly- 
discovered  resources  proved  so  valuable  that  the  local  interest  became 
very  great.  Vivid  and  picturesque  accounts  published  in  the  local 
papers  reported  hundreds  of  persons  as  camping  at  various  points 
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along  the  streams,  some  in  tents  and  some  in  rough  shanties,  and 
others  going  from  shoal  to  shoal  in  newly-built  houseboats.  They 
were  descnbed  as  easy-going,  pleasure-loving  people,  the  men, 
women,  and  children  working  hard  all  day,  subsisting  largely  on  fish 
caught  in  the  same  stream,  and  dancing  at  night  to  the  music  of  a 
banjo  around  the  camp-fires.  The  center  of  the  new  industry  was 
Clinton,  the  county  seat  of  Anderson  County,  whither  the  successful 
hunters  betook  themselves  each  Saturday,  the  preferred  time  for 
selling  the  catch. 

The  next  outbreak  of  pearling  excitement  was  in  Arkansas,  in 
the  region  referred  to  by  Daniel  Coxe  two  centuries  ago  as  the  loca- 
tion of  great  pearl  resources.*  Although  in  recent  times  little  had 
been  heard  of  pearb  in  Arkansas  previous  to  1895,  they  were  not 
unknown  in  that  State.  For  years  they  had  been  picked  up  by  the 
fishermen,  and  used  as  lucky  stones  or  given  to  the  children  for  play- 
things. Some  had  come  into  possession  of  persons  acquainted  with 
their  value.  About  1,875  pearls  had  been  collected  by  a  party  of 
men  engaged  in  cutting  cedar  poles  on  White  River;  in  1888  a  bril- 
liant pear-shaped  pink  pearl  of  27  grains  was  secured  from  the  same 
river  and  sold  to  a  prominent  resident.  Litde  had  been  said  about 
these  finds,  and  in  general  the  people  of  Arkansas  had  slight  idea  of 
the  occurrence  or  the  value  of  pearls  in  those  waters. 

In  1895  a  surveying  party  on  White  River  found  pearls  in  the 
Unios  of  that  stream  and  collected  them  to  the  value  of  about  $5,000. 
News  of  this  discovery  attracted  attention  to  the  resource,  and  other 
persons  sought  for  the  cems  in  the  White  River  and  its  tributaries, 
in  the  St.  Francis  and  in  the  Arkansas  rivers.  The  unusually  low 
water  in  1896  facilitated  the  fishery  and  resulted  in  the  discovery  of 
many  large  and  valuable  gems.  The  interest  developed  rapidly  and 
within  twelve  months  nearly  every  body  of  water  in  Arkansas  yielded 
pearls,  with  the  finds  most  extensive  and  valuable  in  White  River  and 
its  tributary  the  Black  River,  which  has  proved  to  be  the  richest 
f)earling  region  in  America.  The  industry  centered  at  Black  Rock, 
more  Aan  a  thousand  persons  fishing  within  twenty  miles  of  that 
place.  It  is  estimated  that  within  three  years  following  the  develop- 
ment, this  State  yielded  pearls  to  the  value  of  $500,000. 

When  the  Arkansas  fishery  was  at  its  height,  it  was  reported  that 
ten  thousand  persons  were  employed  therein.  The  fishermen  were 
from  nearly  every  class  and  condition  in  the  State.  Women  were  not 
absent ;  even  children  participated  in  the  industry,  and  some  proved 
more  fortunate  than  the  older  hunters.  It  was  not  uncommon  to  see 
several  hundred  persons  congregated  at  one  bar  or  in  one  stretch  of 
the  river,  all  intent  on  making  a  fortune,  and  all  occupied  in  fishing 
or  in  opening  the  shells.  So  complete  was  the  absorption  of  the 
p>eople  in  this  pursuit,  and  so  many  of  the  farm  hands  were  occupied 

*  A  description  of  the  English  province  of  CarolanGf  pp.  82-84,  London,  1741. 
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in  the  eager  search  for  anticipated  fortunes,  that  the  local  papers 
reported  much  apprehension  and  diflBculty  in  harvesting  the  cotton 
and  other  crops. 

The  relative  scarcity  of  pearls  in  the  Unios,  found  in  the  main 
channel  of  the  Mississippi,  and  the  greater  preparation  required  for 
gathering  the  moUusks  in  the  deep  waters,  retarded  the  fishery  until 
the  establishment  of  button  manufacture  afforded  a  market  for  the 
shells,  this  originating  in  1891.  The  industry  developed  rapidly,  and 
for  several  years  has  consumed  about  25,000  tons  of  shells  annually, 
taken  principally  from  the  Mississippi  between  Quincy  and  La  Crosse, 
and  to  a  much  less  extent  from  other  streams  in  this  valley.  This  is 
more  than  Wice  the  total  product  of  mother-of-pearl  shell  in  all 
other  parts  of  the  world.  However,  the  value  per  ton  is  very  much 
less  than  that  of  the  best  grade  of  mother-of-pearl ;  that  from  Aus- 
tralia, for  instance,  commonly  selling  for  $1,200  per  ton,  whereas  the 
Mississippi  shell  usually  sells  for  less  than  $20,  although  the  very 
choicest  may  bring  upward  of  $50  per  ton. 

The  gathering  of  shells  for  manufacture  has  extended  to  many 
of  the  large  tributaries  of  the  Mississippi,  especially  the  Arkansas, 
the  White,  the  St.  Francis,  the  Ohio,  and  the  Wabash  rivers.  And 
this  industry  has  added  largely  to  the  pearl  yield  in  these  waters. 

In  the  last  three  years,  one  of  the  scenes  of  greatest  activity  has 
been  the  Wabash  River  and  its  tributaries,  where  shell-collecting 
developed  in  1903.  Camps  were  established  at  almost  every  town 
along  the  river  from  the  mouth  up  to  St.  Francis,  Illinois,  and  about 
one  thousand  persons  found  employment.  Some  of  the  most  beauti- 
ful American  gems  have  come  from  this  river.  They  are  usually 
silvery  white  in  color  and  of  the  finest  luster.  A  single  pearl 
weighing  only  10  grains  has  been  sold  at  the  river  for  $1,000;  but 
it  is  frequently  the  case  that  a  fine  gem  will  sell  for  more  at  the  place 
where  found  than  in  the  great  markets. 

The  pearl-hunting  excitement  has  been  felt  even  on  the  Atlantic 
seaboard,  as  a  result  of  the  publication  of  the  discoveries  in  the 
Mississippi  Valley.  In  Maine  many  pearls  have  been  reported, 
especially  in  the  vicinity  of  Moosehead  Lake.  In  1901  over  100  were 
found  in  that  vicinity;  most  of  them  were  of  litde  value,  but  more 
than  a  dozen  were  worth  $10  or  $15  each.  Three  found  by  Kineo 
guides  were  sold  for  an  aggregate  of  $300.  The  choicest  one  re- 
ported in  that  year  weighed  12 J  grains  and  sold  for  $150;  had  it  been 
perfect  in  form  and  luster  its  value  would  have  been  several  times 
that  amount.  Most  of  these  pearls  were  secured  by  Moosehead 
guides,  who  found  purchasers  among  the  visiting  fishermen  and 
hunters. 

Since  1901  many  farm  boys  as  well  as  guides  have  devoted  mudi 
attention  to  the  business,  some  of  them  deriving  as  large  a  revenue 
therefrom  as  from  the  use  of  the  rifle.    Grood  finds  have  been  made 


Digitized  by 


Google 


THE  PEARL  FISHERIES  OF  NORTH  AMERICA        643 

during  the  last  year  or  two  especially.  In  1906,  one  choice  pearl 
sold  for  $700,  and  many  have  sold  for  $10  to  $75  each.  The  search 
has  proven  so  alluring  that  returning  visitors  have  complained  that 
some  of  the  guides  care  to  do  litde  more  than  search  every  rill,  brook, 
and  creek  they  come  across,  looking  for  mollusks.  Just  at  present 
the  principal  attention  seems  to  be  directed  to  the  streams  in  the 
western  part  of  Maine,  where  the  river  beds  are  more  sandy  and  the 
shellfish  more  abundant  than  in  the  northern  and  eastern  part  of 
the  State. 

The  mollusks  are  removed  from  the  river  bottoms  by  various  means 
and  by  many  forms  of  apparatus.  In  the  shallow  streams  the  fisher- 
men simply  wade  out  in  the  water  and  pick  up  the  shells  by  hand. 
If  not  really  visible  from  the  surface,  the  shells  may  be  located  with 
the  bare  feet  or  by  the  use  of  a  water-telescope.  Where  the  water 
is  too  deep  for  wading,  the  fishermen  work  from  small  boats  and  use 
garden  rakes  or  other  convenient  implements. 

Where  pearling  has  developed  into  more  of  an  industry,  special 
forms  of  rakes  and  drags  are  employed.  A  shoulder  rake,  with  a 
handle  12  to  20  feet  in  length,  b  used  extensively  under  the  ice  in 
frozen  rivers  and  in  lakes  and  other  places  where  the  water  is  still 
and  from  8  to  15  feet  in  depth.  This  is  simply  an  overgrown  or 
enlarged  garden  rake,  armed  with  12  or  15  iron  teeth  about  5  inches 
in  length.  A  wire  scoop  or  basket  is  attached  to  receive  the  catch  as 
it  is  pulled  from  the  bottom  by  the  teeth,  and  when  this  scoop  is  well 
filled  it  is  lifted  and  the  contents  dumped  on  the  ice  or  into  die  skiff. 
This  method  is  laborious  and  is  employed  only  where  the  water  is 
shallow  and  the  mollusks  are  abundant.  Scissor  tongs  —  similar  to 
those  used  by  oystermen  on  the  Atlantic  coast  —  are  also  employed 
in  some  localities,  especially  in  Arkansas,  where  it  is  estimated  that 
1,700  pairs  were  manufactured  and  sold  in  1899  and  1900,  at  about 
$7  each. 

In  the  large  streams  of  the  Mississippi  Valley,  with  their  slow  and 
steady  currents,  and  where  the  Umos  are  taken  largely  for  the 
use  of  the  shells  in  button-manufacture,  the  most  popular  form  of 
apparatus  since  1896  has  been  the  crowfoot  drag.  This  ingenious 
contrivance  consists  of  a  crossbar  of  hollow  iron  tubing  or  common 
gas  pipe,  6  or  8  feet  long,  to  which  are  attached,  at  intervals  of  5  or  6 
inches,  stout  twine  or  chain  snoods  or  stagings,  each  about  18  inches 
in  length.  To  each  of  these  are  attached  3  or  4  prongs  or  "hooks  " 
about  6  inches  apart.  These  "hooks"  are  four-pronged,  and  are 
made  of  two  pieces  of  stout  wire  bent  at  right  angles  to  each  other. 
According  to  the  depth  of  the  water,  from  25  to  75  feet  of  |-inch  rope 
b  attached  to  the  drag  for  the  purpose  of  towing  it  behind  the  boat, 
which  is  permitted  to  drift  down  the  stream  with  the  current.  This 
contrivance  costs  about  $3,  and  each  fisherman  generally  has  at 
least  two  of  them,  and  a  wide  flat-bottom  boat  costing  $5  or  $10. 
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Sometimes  when  the  current  is  light,  the  fisherman  prepares  a 
"mule  "  for  towing  the  boat  and  the  resisting  drag.  This  "mule  " 
consists  of  a  wooden  frame,  hinged  in  V-shape,  and  is  fastened  sev- 
eral feet  in  advance  of  the  boat  with  the  V  end  pointed  down  the 
stream.  It  sinks  low  in  the  water,  and  the  current  pressing  against 
the  angle  carries  it  along,  and  thus  tows  the  skiflf  and  the  resisting 
drag  at  a  uniform  rate  of  speed.  When  there  is  not  sufiicient  current 
even  for  this  contrivance,  as  in  the  wide  reaches  and  in  the  lakeS;, 
oars,  and  even  sails  may  be  used  for  propelling  the  boat. 

In  the  Mississippi,  the  percentage  of  pearls  found  in  a  definite 
quantity  of  moUusks  is  less  than  in  the  tributary  streams,  yet  the 
much  greater  quantity  of  shells  collected  raises  the  total  yield  to  a 
very  considerable  amount.  Pearling  is  subordinate  and  incidental  to 
gatfiering  the  shells  for  manufacture.  In  that  length  of  the  river  from 
St.  Paul  to  St.  Louis,  a  fair  average  yield  to  the  fishermen  is  about 
$14  worth  of  pearls  and  slugs  to  each  ton  of  shells.  Of  course,  this 
is  not  the  individual  experience,  for  a  single  Unio  may  contain  a  gem 
worth  $3,000,  and  on  the  other  hand  several  tons  of  shells  may  yield 
only  a  few  cents'  worth  of  baroques.  The  market  for  the  shells  places 
the  Mississippi  fishing  upon  an  industrial  basis  and  guarantees  a 
substantial  income  to  every  fisherman  even  when  no  pearls  what- 
ever are  found. 

Unios  from  the  upper  part  of  the  Mississippi  yield  a  much  greater 
percentage  than  those  from  below  Davenport.  In  1904,  for  instance, 
from  the  4,331  tons  of  shelb  taken  in  Wisconsin  the  fishermen 
secured  pearls  which  they  sold  for  $91,345,  an  average  of  $21  per  ton; 
from  the  822  tons  in  Minnesota  the  average  was  $16  per  ton;  in 
Iowa  the  average  was  $12  for  each  of  the  7,846  tons;  in  Illinois,  85 
per  ton  for  the  2,364  tons,  and  in  Missouri  less  than  $1  worth  of  pearls 
was  secured  by  the  fishermen  for  each  ton  of  shells  which  they  caught 
in  the  year  named.  A  large  number  of  choice  pearls  weighing  over 
30  grains  each  were  found  in  the  vicinity  of  Prairie  du  Chien  and 
McGregor.  Within  a  river  length  of  100  miles  in  that  region,  the 
fishermen  in  1904  gathered  pearls  which  ultimately  sold  for  $300,000. 

Success  in  the  occupation  of  pearling  is  as  speculative  as  in 
that  of  mining.  In  the  White  River  in  Arkansas,  for  instance,  one  man 
found  $4,200  in  one  month.  Another  discovered  a  $50  pearl  in  the 
first  shell  he  opened.  A  negro  found  an  $85  pearl  the  first  day  he 
worked,  while  another  fisherman  worked  seven  months  and  secured 
less  than  $10  worth.  It  is  a  question  of  finding  or  not  finding; 
the  finding  brings  riches  sometimes,  and  though  the  failures  re- 
duce the  average  profits  as  low  as  in  other  local  ventures,  the  big 
prizes  aflfect  the  mind  and  the  average  is  lost  to  sight.  Taking  the 
country  as  a  whole,  it  is  probable  that  the  total  find  has  been  sufiS- 
cient  to  pay  the  average  fisherman  little  if  any  more  than  one 
dollar  for  each  day's  work. 
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The  outbreak  of  pearl-hunting  in  various  parts  of  the  country  is 
frequently  chronicled  by  the  newspapers.  These  dispatches  are  much 
alike,  usually  telling  how  some  fisherman  discovered  a  beautiful 
pearl  which  he  sold  to  some  responsible  jeweler  for  an  amount  vary- 
mg  from  $100  to  $2,000.  The  dispatches  generally  state  further  that 
the  effect  of  the  find  has  been  remarkable ;  the  whole  region  is  seized 
with  the  fever,  and  into  the  rivers  and  creeks  swarm  the  hunters  of 
both  sexes,  of  all  ages,  and  from  all  classes  of  the  community.  Fac- 
torymen  leave  their  mills,  farmers  their  crops,  and  merchants  their 
stores,  and  with  the  members  of  their  families  join  in  searching  for 
the  gems.  The  mussels  are  secured  by  whatever  means  is  most  con- 
venient. If  valuable  finds  continue,  thousands  and  thousands  of 
moUusks  are  destroyed  in  the  search,  and  when  the  efforts  begin  to 

{►rove  futile,  the  excitement  subsides  almost  as  quickly  as  it  began, 
n  very  many  localities  the  industry  has  run  the  whole  gamut  of  the 
feverish  excitement  of  its  beginning,  the  humor  and  romance  of  its 
existence,  and  the  pathos  of  its  ending. 

If  disturbed  labor  conditions  at  the  height  of  the  excitement  were 
the  only  disagreeable  attendant,  these  pearling  furors  could  be  viewed 
more  favorably.  But,  unfortunately,  in  many  localities,  especially 
in  shoal  waters  of  restricted  area,  the  fishery  has  been  prosecuted  so 
vigorously  that  it  appears  probable  the  pearl  resources  will  be  very 
materially  impoverished  if  not  ruined  in  a  few  years,  unless  prompt 
and  decisive  protective  measures  are  adopted.  In  some  waters  the 
crowds  engaged  in  the  search  have  removed  practically  every  mussel 
without  regard  not  only  to  protecting  the  immature  mussels,  but  even 
to  the  necessity  for  preserving  breeding  mollusks.  Many  ponds  and 
small  river  basins  have  been  so  denuded  that  not  for  many  years,  if 
ever,  can  they  recover  their  former  wealth  of  pearl-bearers. 

This  state  of  affairs  has  not  come  about  without  opposition  on  the 
part  of  those  interested  in  the  industry  and  the  general  welfare  of 
the  localities.  Intelligent  and  well-directed  efforts  have  been  made 
to  protect  the  mussels  so  that  the  maximum  yield  of  pearls  may  be 
secured.  But  this  is  a  very  diflBcult  problem  to  deal  with.  It  in- 
volves not  only  the  methods  of  fishery,  but  the  question  of  sewage 
disposal  by  the  cities  and  the  large  factories,  through  which  large 
quantities  of  mussels  have  been  destroyed. 

Undoubtedly  it  will  be  diflBcult  to  devise  regulations  that  will 
be  satisfactory  alike  to  the  fishermen,  the  button-manufacturers,  and 
the  pearl-buyers.  The  great  desideratum  in  the  pearl  fisheries  —  of 
the  seas  as  well  as  in  the  fresh-water  streams  —  is  a  restriction  of  the 
gathering  to  such  mollusks  and  to  such  seasons  and  periods  of  years 
as  produce  the  largest  results  with  the  least  injury  to  the  permanency 
of  the  resources. 

It  is  generally  agreed  that  the  young  or  inmiature  mollusks  should 
be  protected.    Likewise  the  beds  should  not  be  disturbed  when  the 
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mollusks  are  loaded  with  young,  but  it  is  difficult  to  select  particular 
months  which  would  be  better  for  close  season  than  any  others. 
The  propositions  which  seem  to  be  most  actively  advocated  impose 
restrictions  on  the  number  and  size  of  the  musseb  to  be  taken,  a 
cessation  of  fishing  from  January  1  to  May  31,  closing  certain  areas 
when  partly  depleted,  and  prohibiting  the  use  of  especially  injurious 
forms  of  apparatus.  But  whatever  is  done  should  be  done  with  rea- 
sonable speed  before  the  pearl  hunters  and  the  button-manufacturers 
shall  kill  the  goose  which  for  some  years  has  been  laying  the  golden 
eggs. 
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Note  —  The  report  for  1908  of  the  United  States  Commissioner  of  Fisheries  notes 
that  the  distribution  and  habits  of  the  pearl-mussels  in  the  Mississippi  Valley  have 
been  the  subject  of  careful  bioloracal  investigation.  The  great  importance  of 
the  pearl-button  industry  of  the  United  States,  which  has  an  invested  capital  of 
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$20,000,000  and  an  annual  output  $6,000,000,  has  induced  the  Bureau  of  Fisheries 
to  devote  special  attention  to  the  sources  of  supply.  The  investigation  showed 
that  the  raw  material  upon  which  this  industry  depends  was  bein^  rapidly  ex- 
hausted, and  that,  unless  something  was  done  to  remedy  this  condition,  the  in- 
dustry would  eventually  be  destroyed.  The  only  effective  remedy,  the  scientific 
culture  of  the  mussels,  has  proven  successful  even  at  the  outset,  and  experiments 
in  this  line  have  been  carried  out  on  a  sufficiently  extensive  scale  to  promise  good 
results.  On  large  lakes  and  streams  this  task  can  be  undertaken  oy  the  Gov- 
ernment, and  in  the  smaller  bodies  of  water  as  a  private  enterprise.  The  work 
carried  on  by  the  Bureau  in  connection  with  the  rescue  of  fish  from  overflowed 
lands  can  be  combined  with  mussel-culture  at  but  sUght  additional  expense. 

The  report  for  1909  (published  in  1910)  relates  the  progress  of  this  work.  The 
Bureau  of  Fisheries  has  undertaken  a  thorough  and  comprehensive  study  of  the 
biology  of  the  fresh-water  mussel,  and  also  of  the  physical  characteristics  of  the 
waters  they  inhabit.  Congress  having  made  provision  for  the  establishment 
of  a  station  where  the  culture  of  pearl-mussels  can  be  procured  on  an  adequate 
scale,  the  representatives  of  the  Bureau  visited  a  number  of  proposed  sites,  finally 
selecting  one  at  Freeport,  lowa^  as  t^at  best  fitted  for  the  purpose.  This  site, 
directly  on  the  bank  of  the  Missi^ppi,  eomprises  sixty  acres  of  land,  and  the 
station  to  be  established  here  will  be  more  especially  devoted  to  the  study  of  the 
best  methods  for  preserving  the  pearl-mussel,  and  thus  protecting  the  interests 
of  the  pearl-button  industry. —^  Reports  of  the  Commissioner  of  fisheries,  1908, 
p.  9;  1909,  pp.  13, 14. 
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B.  H.  RANSOM 

The  presence  of  the  so^<»lled  Southern  cattle  tick,  Margaropus 
annvlatuSf  has  in  various  ways  seriously  handicapped  the  cattle 
industry  of  the  Southern  United  States,  so  seriously  indeed  that  the 
project  of  eradicating  this  parasite,  recently  undertaken  by  the 
Bureau  of  Animal  Industry  in  cooperation  with  the  State  authori- 
ties, ranks  as  one  of  the  most  important  movements  toward  the 
amelioration  of  the  live-stock  industry  ever  inaugurated  in  this 
country. 

Cattle  ticks  through  their  mere  action  as  external  parasites,  by 
abstracting  comparatively  large  quantities  of  blood  from  their  hosts, 
injuring  the  skin,  and  causing  more  or  less  pain  and  irritation,  do 
no  small  amount  of  damage,  and  on  this  account  alone  they  are 
suflBciently  objectionable  to  justify  a  great  deal  of  expense  and  trouble 
in  getting  rid  of  them. 

The  chief  significance  of  the  cattle  tick,  however,  lies  in  the 
fact  that  it  is  the  agent  of  transmission  of  a  disease  of  cattle  known 
variously  as  Texas  fever,  Southern  cattle  fever,  splenetic  fever,  etc., 
and  it  is  to  this  relation  that  the  greatest  losses  for  which  the  Texas 
fever  tick  is  responsible  are  to  be  traced. 

Texas  fever,  it  will  be  recalled,  is  due  to  the  presence  of  a  pro- 
tozoan parasite  in  the  blood  known  as  Piropldsma  bigeminum.  It 
will  also  be  recalled  that  infection  with  Texas  fever  occurs  as  a  result 
of  the  infestation  of  susceptible  cattle  with  larval  ticks,  which  have 
developed  from  eggs  deposited  by  ticks  that  have  matured  on  cattle 
harboring  within  their  blood  the  organism  of  the  disease.  This  is 
in  correlation  with  the  life  history  of  Margarojms  annvlatus^  which 
attaches  to  the  body  as  a  larva,  undergoes  its  complete  development 
to  maturity  without  change  of  host,  then  falls  to  the  ground,  deposits 
its  eggs,  and  dies.  The  entire  parasitic  stage  is  thus  passed  on  a 
single  animal,  and  the  propagation  of  the  disease  accordingly  depends 
upon  the  transmission  of  infection  from  one  generation  of  tidss  to 
the  next. 

A  peculiar  characteristic  of  Texas  fever  is  the  persistence  of  the 
causal  organism  in  the  blood  for  a  long  period  of  time  following 
recovery  from  the  acute  manifestations  of  the  disease,  so  that  the 
blood  of  catde  which  have  once  been  infected  remains  infectious 
practically  for  life.  Young  animals  suffer  less  from  Texas  fever 
than  adults,  and  as  a  rule  show  scarcely  any  symptoms;  but  the 
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immunity  which  they  acqmre  protects  them  as  fully  from  later  at- 
tacks as  if  they  had  passed  through  a  severe  attack,  and  since  most 
of  the  cattle  in  the  tick-infested  area  become  infected  with  Texas 
fever  within  a  few  months  after  birth,  Southern  cattle  usually  pass 
through  life  apparently  unaffected.  The  immunity  which  follows 
recovery  from  the  immediate  effects  of  infection  with  Texas  fever  is, 
however,  more  apparent  than  real,  since  relapses  are  liable  to  occur 
as  the  result  of  a  sudden  increase  in  the  number  of  parasites  in  the 
blood,  if  for  any  reason  the  resistance  of  the  animal  becomes  low- 
ered ;  and  there  is  a  great  deal  of  loss  among  Southern  cattle  on  this 
account,  as  well  as  a  considerable  loss  due  to  the  infection  of  adult 
catde  which  in  one  way  or  another  have  escaped  becoming  infected 
when  young. 

On  account  of  the  extensive  losses  from  Texas  fever,  which 
almost  invariably  follow  the  introduction  of  tick-infested  cattle  during 
certain  seasons  of  the  year  into  localities  normally  free  from  ticks, 
it  has  been  necessary  for  the  welfare  of  the  catde  industry  at  large, 
in  spite  of  the  serious  handicap  which  it  places  upon  the  cattle  in- 
dustry of  the  South,  to  maintain  a  strict  quarantine  against  cattle 
of  the  tick-infested  territory. 

Summing  up  the  various  items  of  loss  traceable  to  the  cattle 
tick,  conservatively  estimated,  and  losses  due  to  quarantine  included, 
we  find  that  the  presence  of  this  parasite  in  the  South  creates  a  yearly 
loss  of  at  least  $40,000,000;  and  this  is  an  actual  loss,  without  ref- 
erence to  the  possibilities  which  rest  in  the  capacity  of  the  South  for 
greatly  increasing  the  magnitude  of  its  catde  industry  if  it  were  free 
from  the  limitations  which  the  Texas  fever  tick  imposes. 

During  the  last  few  years  the  South  has  been  gradually  awaken- 
ing to  the  importance  of  the  cattle  tick,  and  a  sentiment  in  favor  of 
attempting  its  eradication  has  been  rapidly  gaining  ground.  This 
increased  interest  in  the  tick  problem  finally  led  to  an  appeal  to 
Congress,  from  several  States  in  the  quarantined  area,  for  Federal 
aid,  as  a  result  of  which  Congress  has  specifically  authorized  the 
Secretary  of  Agriculture  to  undertake  experimental  work  in  tick 
eradication  in  cooperation  with  the  State  authorities.  For  the  first 
year's  work  $82,500  was  appropriated,  and  for  the  work  of  the  present 
fiscal  year  ending  June  30,  1908,  a  second  appropriation  provides  the 
sum  of  $150,000. 

Although  tick  eradication,  on  the  scale  contemplated  in  the 
present  undertaking,  is  a  task  of  great  magnitude,  with  many  diflB- 
culties  in  the  way,  there  can  be  little  doubt  in  the  light  of  past  suc- 
cessful experience  in  tick  eradication  in  various  localities,  that,  with 
proper  cooperation  on  the  part  of  the  authorities  and  people  of 
the  States  concerned,  and  with  financial  support  from  Congress,  the 
tick-infested  area  will  undergo  a  great  reduction  in  size  within  the 
next  few  years,  and  it  is  indeed  within  the  limits  of  probability  that 


Digitized  by 


Google 


650       Vn.  INTERNATIONAL  ZOOLOGICAL  CONGRESS 

ultimately  the  Texas  fever  tick  will  be  totally  eradicated  from  the 
United  States. 

For  its  distribution  the  cattle  tick  is  almost  entirely  dependent 
upon  the  movements  of  its  host  animals,  as  even  in  its  larval  stage, 
which  is  the  most  active,  it  never  moves  unaided  more  than  a  few 
feet.  The  number  of  species  of  animals  which  may  act  as  hosts 
for  this  species  of  tick  is  limited,  and  cattle  are  the  only  hosts 
which  have  much  part  in  its  distribution.  Other  animals  and  winds, 
rains,  floods,  etc.,  by  carrying  the  adults,  eggs,  or  larvse  of  the  cattle 
tick  may  help  to  a  slight  extent  in  distributing  the  species,  but  these 
factors  are  unimportant  as  compared  with  the  movement  of  cattle. 

The  natural  limits  to  the  distribution  of  the  cattle  tick  are  es- 
tablished by  climatic  conditions.  The  species  cannot  exist  in  arid 
regions,  nor  will  it  survive  from  year  to  year  in  localities  in  which  there 
is  much  freezing  weather.  It  b  not  possible  on  the  basis  of  our 
present  knowledge  to  determine  definitely  the  limits  of  the  area 
within  which  the  natural  conditions  are  suitable  to  the  permanent 
existence  of  the  tick.  It  is  probable,  however,  that  in  the  eastern 
half  of  the  United  States,  if  unrestricted  by  human  agencies,  the 
tick  would  not  become  established  north  of  the  thirty-seventh  par- 
allel of  latitude,  except  in  a  few  localities  (notably  Eastern  Virginia, 
where  it  has  occurred  as  far  north  as  the  thirty-ninth  parallel),  and 
that  in  some  regions  it  would  not  go  beyond  the  thirty-sixth  parallel. 
In  the  western  half  of  the  United  States  the  northward  range  of  the 
tick  is  still  further  restricted  by  natural  conditions,  except  in  Cali- 
fornia, where  more  or  less  tick  infestation  has  existed  in  the  past  as 
far  north  as  the  thirty-ninth  parallel.  Most  of  Arizcma  and  New 
Mexico,  a  large  part  of  the  "panhandle"  of  Texas,  and  the  western 
portion  of  Oklahoma,  on  account  of  their  climate,  are  excluded 
from  the  possibility  of  permanent  infestation. 

The  control  which  has  for  many  years  been  exercised  by  the 
Federal  Government  in  cooperation  with  local  authorities  over  the 
movement  of  cattle  from  the  tick-infested  area  has  not  only  pre- 
vented the  tick  from  spreading  to  the  limits  of  its  possible  range, 
but  has  also  had  the  effect  of  eradicating  the  parasite  in  many  loc^- 
ities  in  which  it  formerly  occurred.  A  transcontinental  quarantine 
line  defining  the  area  quarantined  on  account  of  Texas  fever  was 
established  about  fifteen  years  ago,  and  from  year  to  year  the  course 
of  this  line  has  undergone  more  or  less  change  according  to  the 
presence  or  absence  of  ticks  in  the  localities  through  which  it  passed. 
When  the  farmers  and  stockowners  below  the  line  learned  that  its 
course  was  determined  on  the  basis  of  the  distribution  of  the  tick, 
efforts  were  made  by  many  individuals  to  free  their  cattle  and  prem- 
ises from  ticks  in  the  hope  of  getting  above  the  line,  and  thereby 
escaping  from  the  quarantine  restrictions  which  are  particularly 
burdensome  to  those  located  at  the  edge  of  the  quarantined  area. 
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In  numerous  instances  these  efforts  were  successful  and  various 
localities  formerly  quarantined  have  been  released,  so  that  there  has 
been  a  general  tendency  toward  a  reduction  in  the  size  of  the  quar- 
antined area  ever  since  the  inauguration  of  Federal  quarantine. 

Before  taking  Up  the  cooperative  work  in  tick  eradication  pro- 
vided for  by  Congress  it  was  necessary  to  determine  the  extent  to 
which  the  laws  of  the  various  States  would  permit  cooperation  by 
the  Federal  Government.  As  the  power  of  the  Federal  Government 
within  the  boundaries  of  States  is  limited,  the  State  authorities  must 
be  largely  depended  upon  to  establish  and  enforce  certain  measures 
considered  necessary  to  tick  eradication,  such  as  quarantining  counties, 
districts  and  farms,  and  enforcing  disinfection  of  catde  and  premises. 
In  some  of  the  States  wholly  adequate  laws  existed,  but  in  others  it 
was  found  that  there  were  no  laws  bearing  on  live  stock  quarantine 
and  sanitation,  or  that  the  laws  were  imperfect  so  far  as  they  might 
apply  to  tick  eradication.  In  several  of  the  latter  legislation  has 
recently  been  enacted  which  largely  corrects  former  faults,  and  on 
the  whole  the  conditions  in  the  various  States  are  now  fairly  satis- 
factory so  far  as  the  laws  are  concerned.  In  some  States  the  laws 
provide  that  authority  may  be  conferred  on  Federal  officials  in  mat- 
ters of  live-stock  quarantine  and  sanitation,  an  arrangement  which 
greatly  facilitates  the  work  of  tick  eradication. 

As  soon  as  possible  after  the  passage  of  the  law  providing  for 
tick  eradication,  the  work  was  organized  and  begun  under  the 
arrangements  for  cooperation  which  had  been  made  with  the  author- 
ities of  the  States  and  Territories  interested.  The  local  authorities 
selected  the  counties  or  districts  to  be  covered,  and  were  permitted 
to  recommend  for  appointment,  as  agents  of  the  Bureau  of  Animal 
Industry,  men  who  were  acquainted  with  local  conditions  and  who 
were  considered  adapted  to  the  purpose  for  which  they  were  to  be 
employed.  Nearly  three-fourths  ot  the  men  employed  on  the  tick- 
eradication  force  have  been  drawn  from  the  various  localities  in 
which  the  work  is  in  progress,  the  remainder  being  graduate  veteri- 
narians who  hold  commissions  as  Inspectors  of  the  Bureau  of  Animal 
Industry.  Not  counting  employees  of  the  various  States  or  counties, 
the  number  of  men  devoting  their  entire  time  to  the  work  is  at  present 
about  two  hundred. 

For  convenience  in  administration  the  territonr  in  which  work  in 
tick  eradication  is  under  way  has  been  dividea  into  six  sections, 
each  of  which  is  in  charge  of  an  official  of  the  Bureau  of  Animal 
Industry.  Except  for  one  section,  which  includes  a  State  entirely 
within  the  quarantined  area,  located  several  hundred  miles  south  of 
the  .quarandne  line,  the  field  of  operation  is  at  the  present  time 
confined  to  the  territory  along  the  northern  boundary  of  the  tick- 
infested  area. 

On  account  of  the  great  differences  in  the  conditions  to  be  met 
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the  plans  of  work  which  are  followed  in  the  different  sections  vary 
greatly.  Commonly,  however,  the  sections  are  divided  into  a  number 
of  districts  consbting  of  one  or  two  counties,  each  district  being 
given  in  charge  of  one  man,  who  with  his  assistants  and  with  the 
aid  of  the  local  authorities  inspects  all  the  cattle  in  his  district  in 
order  to  locate  infested  herds  and  farms,  the  owners  of  which  are 
given  instructions  as  to  the  means  to  be  employed  to  get  rid  of  the 
ticks.  Oftentimes  in  addition  to  advice  actual  assistance  is  given  in 
the  work  of  disinfection,  the  progress  of  which  b  kept  in  view  by 
reinspections  at  intervals.  Meanwhile  the  infested  cattle  and  farms 
are  kept  in  quarantine  until  freed  from  infection,  and  in  order  to 
prevent  the  introduction  of  additional  infection  into  dbtricts  where 
attempts  at  tick  eradication  are  being  made,  the  movement  of  catde 
into  those  districts  from  other  portions  of  the  tick-infested  area  is 
prohibited.  As  soon  as  possible  after  a  district  immediately  below 
the  line  has  been  freed  from  ticks,  it  b  released  from  quarantine, 
and  the  course  of  the  quarantine  line  b  changed  accordingly.  In 
cases  where  dbtricts  of  suitable  size  are  dbinfected  and  maintained 
free  from  ticks  in  the  midst  of  the  tick-infested  territory,  it  b  planned 
to  lighten  the  burden  of  quarantine  by  permitting  the  unrestricted 
movement  of  catde  out  of  the  tick-free  area  into  other  tick-free  looJ- 
ities,  provided  they  are  shipped  by  rail  in  clean  cars  so  that  they 
may  not  become  infested  prior  to  arriving  at  their  destination. 

Of  the  various  methods  available  for  freeing  catde  and  pastures 
from  ticks,  the  one  which  may  be  most  profitably  employed  and  will 
give  the  best  results  in  any  particular  case  depends  upon  circum- 
stances such  as  the  number  of  catde,  amount  of  pasture  available, 
whether  pastures  are  fenced  or  unfenced,  kind  of  crops  raised,  cli- 
mate of  the  locality,  time  of  year,  topography  of  the  farm,  etc.,  in 
fact  every  herd  of  catde  forms  a  separate  problem  in  tick  ersidication 
for  the  solution  of  which  no  set  rule  can  be  formulated. 

An  effective  method  applicable  in  the  case  of  small  herds,  dairy 
herds  for  instance,  consbts  in  daily  picking  off  by  hand  and  destroy- 
ing all  ticks  large  enough  to  be  readily  seen.  In  thb  way  further 
infestation  of  the  pasture  is  prevented.  Many  of  the  larval  ticks 
already  present  on  the  pasture  become  attach^  to  the  cattle  from 
time  to  time  and  are  picked  off  and  destroyed  before  they  reach 
maturity,  while  the  remainder,  which  do  not  succeed  in  gaining  a 
host,  finally  die  of  starvation.  As  the  maximum  time  during  which 
larval  ticks  are  able  to  survive  in  warm  weather,  including  the  period 
of  incubation  in  the  egg  stage,  b  less  than  four  months,  both  catde 
and  pasture  may  be  freed  from  ticks  by  thb  method  if  it  b  begun 
in  spring  and  continued  until  fall. 

A  method  less  laborious  than  hand  picking  b  that  of  greasing 
the  animab  with  oib  such  as  cotton-seed  oil  or  crude  petroleum  at 
frequent  intervab,  which  not  only  kiUs  the  ticks  on  the  body  but  to 
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a  certain  extent  protects  against  reinfestation  with  larval  ticks.  A 
thorough  spraying  with  an  emulsion  of  crude  petroleum  at  intervals 
of  about  twenty  days  during  warm  weather  is  an  elBfectual  means  of 
freeing  cattle  and  pastures  from  ticks.  The  time  required  for  the 
larval  tick  to  develop  to  maturity  after  it  has  attached  to  the  body 
of  its  host  is  rarely  less  than  twenty  days,  although  occasionally  in 
cold  wither  it  may  be  prolonged  to  six  weeks  or  more.  Therefore 
a  thorough  treatment  repeated  every  three  weeks  destroys  practically 
all  of  the  ticks  which  may  have  attached  since  the  previous  treat- 
ment, thus  almost  entirely  preventing  further  infestation  of  the 
pastures;  and  as  the  residue  of  larval  ticks  meanwhile  becomes  less 
and  less  and  at  last  disappears  altogether,  disinfection  of  the  cattle 
and  pastures  is  ultimately  accomplished.  Better  than  any  of  these 
methods,  but  on  account  of  its  expense  not  practicable  as  a  rule, 
except  when  large  herds  of  cattle  are  concerned,  is  that  of  dipping  the 
animals  in  vats  containing  an  emulsion  of  crude  petroleum,  or  a 
layer  of  this  oil  floated  on  water,  or  an  arsenical  solution.  As  in 
spraying,  it  is  necessary  to  repeat  the  operation  of  dipping  at  suffi- 
ciently frequent  intervab  to  destroy  the  ticks  which  may  become 
attached  between  treatments,  before  they  drop  oflf  to  deposit  eggs 
and  reinfest  the  pasture.  It  is  also  necessary,  as  in  the  other  methods, 
to  treat  all  of  the  animals  which  use  the  same  pasture  or  range,  in 
order  that  as  few  ticks  as  possible  may  escape  to  reinfest  the  ground 
over  which  the  catde  graze. 

In  cases  where  it  is  possible  to  arrange  for  the  rotation  of  cattle 
from  one  pasture  to  another,  tick  eradication  may  be  accomplished 
much  more  easily  than  when  it  is  necessary  to  continue  using  the 
same  pasture.    Having  available  a  pasture  which  has  been  freed  from 
infection  by  removing  all  cattle,  horses  and  mules  from  it  for  a  suf- 
ficient period  of  time  to  insure  the  hatching  and  death  of  all  larval 
ticks,  the  catde  of  the  farm  may  be  placed  when  cool  weather  begins 
in  a  tick-free  enclosure,  which  may  be  another  pasture,  a  cultivated 
field,  or  a  feed  lot,  and  left  there  until  every  tick  has  developed  to  ma- 
turity and  dropped  to  the  ground.     This  will  require  about  six  weeks. 
Meanwhile  as  oviposition  and  incubation  are  greatly  delayed  by  the 
low  temperature  which  prevails,  no  ticks  of  a  new  generation  will 
appear,  and  the  cattie  will  be  in  no  danger  of  reinfection  from  that 
source,  so  that  when  all  of  the  ticks  originally  present  have  fallen, 
the  animals  may  be  returned  tick  free  to  the  pasture  which  has  been 
vacated  during  the  summer.    By  the  middle  of  the  following  summer 
all  ticks  in  the  pasture  which  was  abandoned  in  the  fall  will  have 
died  from  starvation.    This  pasture,  accordingly,  may  then  again  be 
used   without  danger  of  infecting  the  catde.     Where  practicable, 
burning  oflf  the  grass  on  pasture  land  is  an  eflFective  means  of  de- 
stroying ticks  and  tick  egcs,  and  may  be  used  in  conjunction  with 
the   starvation  method  m  disinfecting  pastiues.     If  the  rotation 
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method  of  freeing  catde  from  ticks  is  employed  during  warm  weather, 
it  is  necessary,  instead  of  but  one,  to  have  two  or  three  tick-free 
enclosures  in  addition  to  the  tick-free  pasture  in  which  the  cattle 
are  to  be  placed  when  freed  from  ticks.  Warm  weather,  while  it 
shortens  somewhat  the  parasitic  period  of  the  tick,  also  greatly 
shortens  the  periods  of  ovjposition  and  incubation,  so  that  if  cattle 
were  left  in  one  enclosure  long  enough  for  all  of  the  ticks  which  they 
carried  to  mature  and  drop  oflf,  some  of  the  eggs  deposited  by  the 
first  ticks  to  fall  would  likely  begin  to  hatch  before  the  catde  were 
moved.  Consequentiy  the  catde  are  left  in  the  first  enclosure  for 
twenty  days,  in  which  time  most  of  the  ticks  will  have  dropped  off, 
and  they  are  then  placed  in  a  second  enclosure  where  all  the  remain- 
ing ticks  will  fall  before  the  end  of  another  twenty  days.  Even  in 
midsummer,  tick  eggs  will  rarely  hatch  in  less  than  twenty  days 
after  the  tick  falls  from  the  host,  so  that  by  moving  cattie  at  tiie  end 
of  this  time  the  danger  of  new  infestation  is  almost  entirely  avdded. 
In  order  to  reduce  the  chances  still  further  it  has  been  suggested  that 
chickens  be  confined  in  the  pens  with  the  cattie,  as  these  birds  are 
very  fond  of  engorged  ticks,  and  if  the  pens  were  not  too  large  not 
many  ticks  that  fell  to  the  ground  would  escape  destruction.  By 
using  three  enclosures  instead  of  two,  and  moving  the  cattle  every 
two  weeks,  reinfection,  unless  from  outside  sources,  can  be  made 
practically  impossible,  since  only  under  the  most  exceptional  cir- 
cumstances has  hatching  of  tick  eges  been  known  to  occur  in  less 
than  two  weeks  after  the  falling  of  the  tick  which  deposited  them. 

In  eradicating  ticks  it  b  important  that  mules  and  horses  be 
watched  and  kept  free  from  ticks,  as  they  are  liable  occasionally  to 
become  more  or  less  infested.  Sheep  also  need  to  be  taken  into  con- 
sideration, since  if  placed  on  a  pasture  from  which  cattie  have  been 
removed  so  that  it  may  become  free  from  ticks,  they  may  keep  the 
pasture  infested  to  a  slight  degree.  The  attachment  of  cattie  ticks 
to  sheep,  however,  occurs  very  rarely.  Except  on  open  ranges, 
deer,  which  may  serve  as  hosts  for  the  fever  tide  equally  as  well  as 
cattie,  are  of  little  importance,  and  they  are  becoming  so  rare  that 
in  any  case  they  can  scarcely  be  considered  an  obstacle  to  tick  erad- 
ication. A  few  instances  are  known  in  which  fever  ticks  have  under- 
gone an  incomplete  development  on  dogs,  but  it  is  questionable 
whether  they  will  develop  to  fertile  maturity  on  these  animals.  The 
same  is  true  with  cats.  Experimentally,  hundreds  of  larval  ticks 
have  been  placed  on  kittens,  and  numbers  of  them  became  attached, 
but  only  two  or  three  of  them  developed  to  a  stage  beyond  the  sec- 
ond molt  and  none  reached  fertile  maturity.  Practical  experience 
thus  far  indicates  that  the  possibilities  connected  with  other  animab 
than  cattie,  mules  and  horses  as  hosts  of  the  fever  tick  are  of  little 
importance;  and  this  is  true  abo  of  the  possibility  of  the  direct  trans- 
ference of  larval  ticks  from  one  field  to  another  by  various  small 
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animals  to  which  they  may  temporarily  attach,  such  as  rabbits, 
birds,  dogs,  etc.  So  long  as  there  is  a  distance  of  not  less  than  ten 
feet  between  two  separate  pastures  there  is  little  danger  of  cross 
infection,  since  gravid  ticks  before  depositing  their  eggs  do  not  move 
more  than  a  few  inches  from  the  spot  where  they  fall,  and  since 
larval  ticks,  although  they  are  very  active  and  may  crawl  consider- 
able distances  up  blades  of  grass,  bushes,  fences,  posts,  etc.,  do  not 
migrate  far  in  a  horizontal  direction.  Floods,  streams  and  winds 
may  occasionally  carry  gravid  female  ticks,  masses  of  eggs,  or  bunches 
of  larval  ticks,  considerable  distances,  and  in  this  way  infection  of 
pastures  may  sometimes  result,  but  as  a  rule,  a  double  line  of  fence 
with  an  interval  of  ten  feet  between  an  infested  pasture  and  a  non- 
infested  pasture  is  amply  sufficient  for  the  protection  of  the  latter. 

Everything  considered,  the  facts  in  the  life-history  of  the  Texas 
fever  tick  are  unusually  favorable  to  eradication,  the  chief  obstacles 
to  be  overcome  being  th^se  due  to  lack  of  appreciation  of  the  value 
and  feasibility  of  tick  eradication  on  the  part  of  the  stock  owner, 
so  that  much  of  the  work  to  be  done  is  necessarily  educational  in 
nature.  Every  effort  is  therefore  being  made  tliough  bulletins, 
circulars,  newspaper  articles,  farmers'  institutes,  live-stock  associa- 
tions, special  meetings,  personal  conversation  with  owners  of  cattle, 
and  in  various  other  ways,  to  disseminate  as  widely  as  possible  among 
the  agricultural  population  of  the  tick-infested  area  information 
concerning  ticks  and  tick  eradication. 

In  view  of  the  fact  that  the  cooperative  work  in  tick  eradication 
was  begun  only  a  littie  over  a  year  ago,  it  is  too  early  to  expect  that 
much  should  have  been  accomplished  in  the  way  of  tangible  results. 
Definite  progress  has,  however,  been  made,  and  during  me  course  of 
the  last  year  about  forty  counties  and  parts  of  counties  along  the 
quarantine  line,  comprising  nearly  fifty  thousand  square  miles,  have 
been  placed  in  condition  for  release  from  quarantine.  This  cannot 
be  taken  as  an  index  of  future  progress,  for  it  should  be  remembered 
that  the  territory  in  question  is  along  the  northern  boundary  of  the 
tick-infested  area,  where  the  climatic  conditions  are  not  so  favorable 
to  the  tick  as  they  are  further  south,  and  no  doubt  greater  natural 
difficulties  in  the  way  of  eradication  will  be  met  with  as  the  work 
progresses  southward.  It  is  believed,  however,  that  these  difficulties 
will  be  offset  by  a  more  general  realization  of  the  importance  of  the 
'Texas  fever  tick,  and  a  greater  popular  interest  in  its  eradication, 
which  are  sure  to  develop  as  the  work  goes  on,  and  that  substantial 
progress  will  continue  to  be  made  from  year  to  year. 
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NOTES  ON  SCUTIGERELLA  IMMACULATA,   ITS 
EGGS  AND  LARVA 

S.  R.  WILLIAMS 

ScuTiOERELLA  immaculaia,  which  was  described  by  Newport  in 
1844  and  which  was  put  into  the  order  Symphyla  by  Ryder  in  1880, 
is  of  interest  because  it  is  thought  to  occupy  a  position  between  the 
diplopods  and  the  chilopods,  and  also  a  position  between  the  whole 
group  of  the  myriapods  and  the  insects. 

Scutigerella  is  a  small  white  creature,  varying  from  3  to  7  mm. 
in  length,  with  14  large  plates  or  scutes  on  the  dorsal  body-wall, 
with  twelve  pairs  of  evident  legs,  one  pair  of  delicate,  many-jointed 
antennse,  four  pairs  of  mouth  appendages,  one  pair  of  posterior 
tactile  stylets,  and  behind  these  a  pair  of  cerci  on  which  open  the 
ducts  of  the  two  spinning  glands. 

There  is  a  pair  of  cephalic  stigmata  and  a  simple  system  of  tra- 
cheal tubes  which  may  extend  through  the  first  two  segments  of  the 
body.  In  the  rest  of  the  body  respiration  is  probably  carried  on  by 
ten  pairs  of  coxal  sacs,  the  first  of  which  appears  at  the  base  of  the 
third  pair  of  legs. 

There  are  ten  pairs  of  parapods  near  the  coxal  sacs.  These  are 
very  probably  rudimentary  legs.  If  so,  the  total  number  of  legs 
(nearly  two  pairs  to  one  evident  somite)  is  a  character  which  allies 
Scutigerella  with  the  diplopods. 

On  the  ventral  plate  of  the  fourth  segment  of  the  animal  is  located 
the  anterior  genital  opening.    This  is  definitely  a  diplopod  character. 

Though  9ie  Symphyla  have  the  rapid  motion  of  the  chilo{>ods, 
their  locomotion  is  that  of  the  diplopods.  The  legs  on  the  two  sides 
of  the  body  make  symmetrical  and  identical  movements,  whereas  in 
chilopods  the  opposite  legs  are  in  different  phases  of  their  motion. 

The  animals  are  either  eyeless,  or  have  a  pair  of  eye-like  bodies 
which  are  not  subtended  by  special  nervous  ganglia. 

Habitat.  —  Southwestern  Ohio,  where  the  specimens  have  been 
obtained,  is  a  region  formerly  glaciated,  and  which  one  hundred 
years  ago  was  unbroken  forest.  Scutigerella  is  now  to  be  found  where 
there  is  a  suflBcient  amount  of  moisture  and  where  the  soil  has  never 
been  disturbed.    It  is  a  "cave-dweller,"  to  be  found  beneath  fallen 
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leaves  in  the  spring  of  the  year  and  beneath  stones  and  in  decajdng 
wood  during  the  drier  parts  of  the  year. 

With  the  scutigerellas  is  a  definite  fauna,  including  Pauropus, 
Scolopendrella,  several  eollembolans,  thysanurans,  minute  annelids 

and  molluscs. 

Habits  and  Food.  — Scu- 
tigerella  produces  a  web- 
like thread  by  the  united 
secretions  of  the  spinning 
glands,  and  these  delicate 
webs  are  deposited  abund- 
antly wherever  the  animals 
run  about. 

Their  food  is  uncertain 

SCUTIGERELLA  AND  NoRMAL  Habitat^tone     ^^^^^  coi^idcrs  thcm  car- 
REPLACED  BY  Glass.    X  2*.  mvorous,  because  of  their 

rapidity  of  motion.  The 
appearance  of  sections  of  the  intestine  and  the  abundance  of  Infu- 
soria, rotifers,  and  many  other  minute  forms  where  Scutigerella 
thrives  best  tend  to  support  his  view. 

Ecdysis.  —  I  had  the  fortune  to  observe  a  single  individual  in  the 
process  of  ecdysis.    This  was  a  long  process.    The  animal  was  qui- 
escent from  as  early  as  8  a.  M.  to  2  p.  M.,  or  at  least  six  hours.    It  had 
broken   the  cuticula  at   the 
joint  just  behind   the   head 
on  the  dorsal  side,  «,nd  when 
first   observed  the  head  was 
free.    The  animal  would  first 
writhe    from    side    to    side, 
then     make     dorso  -  ventral 
motions,    a     humping    and 
flattening  of  the  back,  and 
then   become  quiescent.     In 
a    short    time    the   writhing 
motion   would  begin  again. 
The    progress  that  the  ani- 
mal   was    making    forward 
out    of    its    skin    could    be 
judged    by   looking   at    the 

casts  of  the  antennse,  which       ,,  r»^  i- 

^    ,  ,  1     1    ^1  Scutigerella  in  Process  of  Ecdysis. 

projected    and    marked    the  x8. 

original  anterior  end. 

As  the  animal  lay  more  quiet  between  the  periods  of  struggling, 

one  could  see  the  legs  moving  somewhat  as  if  walking.     One-half 

hour  after  the  animal  was  freed  from  the  old  skin  the  antennae  were 

gradually  thrust  forward  and  it  began  to  walk.    The  first  few  steps 
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were  feeble,  and  the  animal  came  to  rest  after  moving  about  twice  its 

body  length.    It  was  not  normally  active  for  some  hours. 

Other  casts  show  that  this  is  not  the    i 

only  method  of  ecdysis,  but  that  Scutiger- 

ella  may  withdraw  itself  backward  from 

the  cast  as  well. 

Eggs.  —  The  eggs  are  laid  during  May 

or  June,  depending  on  the  warmth  of  the 

spring.     These  eggs  are  glistening,  peariy- 

white  bodies  somewhere  near  1/2  mm.  in 

diameter.     They  are  laid  in  masses,  the 

largest  number  observed  being  ten. 

There    are    two   egg   envelopes.     The 

inner  one,  the  vitelline  membrane,  is  very 

thin  and  the  outer  structureless,  opaque 

chorion  is  the  covering  which  gives   the 

characteristic  appearance  to  the  egg.    The    EggsofScutigerella.  x8. 

surface  of  this  chorion  is  divided  into  irregular  areas  of  1/10  mm. 
or  less  in  any  dimension,  by  large  ridges 
which  project  a  distance  of  20  /*  from  the 
general  surface  of  the  egg.  The  s[>aces  en- 
closed by  these  primary  ridges  are  further 
marked  by  very  slight  secondary  ridges. 

Several  nests  have  been  followed  through 
to  hatching.  This  takes  place  usually  about 
the  twelfth  or  thirteenth  day  with  an  aver- 
age indoor  temperature. 

LarvGB.  —  The  larvae  have  much  difficulty 

^^  ^  in  freeing  themselves  from   the  esR  mem- 

Female  guarding  Eggs.    ,  ^j^v  j  n    j.  t      j       v^i 

X  2i.  branes,  and  the  end  first  freed,  whether  an- 

terior or  posterior,  writhes  and  waves  in  the 

protracted  struggles  to  escape.    The  young  Scutigerella  varies  from 

3/4  to  6/5  mm.  in  length  and  is  about  1/5 

mm.  wide.     There  are  but  six  joints  in  the 

antenna    instead    of    many,  and    ten   dorsal 

scutes  instead  of  the  fourteen  of  the  adult. 

It  has  seven  pairs  of  evident  legs,  five  pairs 

less  than  the  adult.    As  in  the  adult,  the  first 

pair  of  legs  has  four  joints,  while  all  others  are 

five-jointed.    The  anal  stylets,  cerci,  and  spin- 
ning glands  are  located  as  in  the  adult. 

In  the  larva  there  are  but  four  pairs  of 

coxal  sacs  and  either  four  or  five   pairs  of    Female  with  Larvjb  in 

parapods.  the  Process  of  Hatch- 

Growth  takes  place  by  the  intercalation      ing  from  Eggs.    x2h 

of  a  pair  of  legs  and  a  somite  just  in  front  of  the  last  somite,  that 

which  always  bears  the  anal  stylets  and  the  cerci. 


Digitized  by 


Google 


NOTES  ON  SCUTIGERELLA  IMMACULATA  659 

Compared  with  the  hexapod  larva  of  Polyxenus,  Polydesmus,  or 
lulus  the  young  Scutigerella  is  a  greatly  specialized  form.  When 
the  history  of  the  development  within  the  egg  envelopes  b  known, 
the  name  Symphyla  may  seem  more  justifiable  than,  in  view  of  the 
specialized  larva,  it  does  at  present. 
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THE  INTERLOCKING  MECHANISMS  WHICH  ARE 
FOUND  IN  CONNECTION  WITH  THE  ELYTRA 
OF   COLEOPTERA 

(Abstract) 

ROBERT  S.  BREED  AND  ELSIE  F.  BALL 

This  paper  gives  the  results  of  an  investigation  of  the  methods 
by  which  the  elytra  of  beetles  are  coadapted  with  each  other  and 
with  the  body.  The  species  examined  in  detail  were  Lachnostema 
fiisca,  Thymalus  marginicollis,  and  Tenebrio  molitor. 

The  elytra  of  beetles  show  interlocking  mechanisms  in  four  re- 
gions, all  of  which  may  be  found  in  the  same  species.  This  fastening 
may  be  accomplished:  — 

1.  By  a  coadaptation  of  the  elytra  along  the  dorsal  suture. 

2.  By  means  of  a  groove  on  the  dorsal  face  of  the  metathorax 
into  which  the  swollen  inner  edges  of  the  elytra  fit. 

3.  By  slipping  the  anterior  edges  of  the  elytra  under  the  scutellum 
and  hooking  them:  a,  on  to  the  scutellum,  or  b,  on  to  the  meta- 
thorax.  Pressure  derived  from  the  retracted  prothorax  may  aid  in 
keeping  these  edges  in  position. 

4.  By  hooking  the  anterior  lateral  edges  of  the  elytra  over  ridges 
or  into  grooves  on  the  lateral  faces  of  the  metathorax. 

The  most  interesting  and  complicated  of  these  devices  is  the  last 
one  mentioned. 

In  nearly  all  beetles  there  seems  to  be  some  coadaptation  along 
the  dorsal  suture  between  the  two  elytra.  Here  the  elytra  are  fitted 
together  with  a  tongue  and  a  groove  in  the  same  way  that  boards  are 
matched  together  (Thymalus).  In  some  cases  (LadEinosterna,  Tene- 
brio), the  tongue  is  curved  upward  fitting  into  a  groove  of  the  same 
form.  The  elytra  of  these  beetles,  when  in  place,  resist  an  attempt  to 
pull  them  apart  laterally  as  well  as  vertically. 

In  all  of  the  beedes  examined,  the  inner  edges  of  the  elytra  are 
thickened  ventrally  in  the  metathoracic  region.  Sometimes  this 
thickening  is  not  very  pronounced  (Tenebrio),  in  others  more  so 
(Thymalus,  Lachnosterna).  These  thickenings  fit  into  a  groove  on 
the  dorsal  surface  of  the  metathorax,  the  sides  of  which  make  two 
stiff  chitinous  ridges,  parallel  with  each  other.  The  best  development 
of  this  structure  was  found  in  Thymalus.  Here  the  groove  on  the 
metathorax  is  decidedly  wider  in  its  deeper  portion.  The  thicken- 
ings on  the  edges  of  the  elytra,  being  broader  on  their  ventral  surface, 
are  held  firmly  in  place  when  they  are  sprung  into  the  groove.    These 
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thickenings  are  held  all  the  more  firmly  because  there  are  inter- 
locking rasp-like  teeth  on  the  surface  of  the  elytral  thickenings  and 
the  thoracic  groove.  This,  in  connection  with  ihe  interlocking  along 
the  dorsal  suture  described  above,  makes  the  most  important  and 
conmion  method  of  holding  the  elytra  in  place. 

The  groove  along  the  dorsal  surface  of  the  metathorax  widens  in 
its  anterior  portion  so  that  the  whole  has  the  form  of  a  wide  open  Y. 
The  triangular  scutellum  fits  into  the  opening  of  the  Y-shaped  groove. 
In  Thymalus  and  Lachnosterna  the  anterior  thickened  edges  of  the 
eljtra  slip  over  the  ridges  made  by  sides  of  the  wide  open  Y  and  are 
held  firmly  in  place  by  the  retraction  of  the  prothorax  and  scutellum. 
In  Tenebrio  neither  the  thickenings  on  the  edges  of  the  elytra  nor 
the  groove  underneath  are  well  developed.  In  this  case,  the  elytra 
slip  under  the  edges  of  the  scutellum  and  that  structure  serves  to 
keep  them  in  place. 

The  interlocking  of  the  lateral  edges  of  the  elytra  with  the  lateral 
faces  of  the  metathorax  has  a  different  form  in  each  of  the  three 
beedes  examined.  In  each  it  is  so  complicated  that  it  is  difficult  to 
describe  it  without  the  aid  of  figures  representing  cross  sections  of 
the  body  at  this  point.  Such  figures  are  given  in  connection  with  the 
complete  paper  which  is  published  elsewhere.*  In  each  beetle  there 
is  a  muscle  lying  just  within  the  meta-episternum  which  has  its  origin 
along  the  dorsal  edge  of  this  piece  and  its  insertion  on  the  suture  be- 
tween the  meta-episternum  and  the  metasternum.  This  muscle  has 
been  named  the  musculus  episternalis.'  This  muscle  operates  the 
interlocking  devices.  In  Thymalus  this  consists  of  a  single  inter- 
locking ridge  and  groove;  in  Tenebrio  there  are  many  interlocking 
teeth;  while  in  Lachnosterna  a  ridge  is  present  on  the  episternum 
but  no  interlocking  structure  is  present  on  the  elytron.  Apparently 
this  is  a  degenerate  structure  in  this  species  as  all  of  the  other  parts 
for  the  operation  of  an  interlocking  mechanism  are  present. 

The  musculus  ,  episternalis  serves  to  unlock  the  interlocking 
structures  when  it  contracts.  This  it  does  because  of  the  varying 
flexibilities  of  the  chitinous  parts  involved.  The  structure  of  the  suture 
between  the  meta-episternum  and  episternum  is  surprisingly  complex 
in  Tenebrio  but  the  purpose  of  the  complexity  is  easily  seen  when  the 
effect  of  the  contraction  of  this  muscle  is  taken  into  account. 

Such  a  variable  structure  as  this  seems  to  be  would  be  of  value 
in  solving  difficult  relationships  between  some  of  the  families  of 
beetles  if  more  were  known  about  it. 

•  Bwl.  Bull.,  15,  p.  289-303,  12  figs.  1908. 

«  Breed,  BuU,  Mus,  Comp.  ZodL,  40,  p.  332,  1903. 
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RIDDING  A  STATE  OP  MOSQUITOES 
JOHN  B.  SMITH 

The  campaign  now  in  progress  against  the  mosquito  pest  in  the 
State  of  New  Jersey  is  carried  forward  on  strictly  scientific  principles 
and  is  really  a  vast  illustration  of  practically  applied  science. 

It  began  with  an  appropriation  of  $10,000  to  be  devoted  solely 
to  the  study  of  the  problem  and  to  the  making  of  such  preliminary 
experiments  as  might  seem  indicated  by  the  results  of  such  study. 

The  work  began  with  a  systematic  collection  of  all  the  Culicidae 
of  the  State  and  a  study  of  their  breeding  and  other  habits.  Three 
years  were  more  or  less  continuously  devoted  to  this  study  and  the 
results  showed:  1st,  an  unexpectedly  large  number  of  species;  2nd, 
an  unexpected  diversity  in  their  life  cycle  and  the  utter  unreliability 
of  the  generalized  statements  theretofore  made  concerning  these  in- 
sects as  a  group;  3rd,  that  there  were  only  a  few  species  that  really 
ranked  as  pests ;  4th,  that  some  species  bred  as  reaidily  in  salt  as  in 
fresh  water  and  that  a  few  never  bred  elsewhere  than  on  salt  marshes; 
5th,  that  while  as  a  general  rule  the  species  were  local  and  did  not 
fly  far  from  their  breeding  places,  others  were  truly  migratory  and 
travelled  up  to  forty  miles  away  from  possible  breeding  grounds; 
6th,  that  in  New  Jersey  the  salt  marsh  breeders  were  die  only 
migrants  and  that  in  said  State  nearly  or  quite  90  per  cent  of  the 
offensive  specimens  bred  on  its  salt  marshes ;  7th,  that  many  places 
heretofore  considered  as  dangerous  breeding  areas  were  absolutely 
safe  and  that,  as  a  whole,  breeding  was  intensive  rather  than 
extensive. 

With  these  conclusions  drawn,  a  series  of  experiments  was  car- 
ried on  which  demonstrated  the  possibility  of  quickly  and  cheaply 
draining  these  salt  marsh  breeding  places  so  that  mosquito  develop- 
ment on  them  would  become  impossible.  It  was  recognized  that, 
in  view  of  the  large  extent  of  salt  marsh  in  the  State,  and  the  thinly 
settled  condition  and  general  poverty  of  the  infested  areas,  their 
improvement  would  have  to  be,  to  some  extent  at  least,  a  State  aflfair. 
A  law  limited  to  two  years  was  therefore  passed,  embodying  the  prin- 
ciples of  the  State  Road  Law,  and  providing  that  if  any  municipality 
would  pay  75  per  cent  of  the  cost  of  abolishing  the  breeding  places 
within  its  jurisdiction,  the  State  would  pay  the  balance.  This  proved 
impractical  because  in  some  localities  the  cost  of  the  required  work 
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exceeded  the  total  amount  raised  by  taxation  for  all  purposes,  and 
because  in  some  cases  the  benefits  derived  would  be  chiefly  by  large 
and  wealthy  communities  at  the  expense  of  adjacent  poor  and  thinly 
settled  territories. 

This  resulted  in  a  careful  survey  of  the  State  and  an  estimate 
that  for  $350,000  the  entire  salt  marsh  area  within  its  limits  could 
be  made  mosquito  proof. 

A  carefully  drawn  law  was  presented  to  the  legislature  in  1906 
and  passed,  providing  for  the  expenditure  of  that  amount  under 
certain  specified  conditions  and  placing  the  entire  matter  in  charge 
of  the  Agricultural  Experiment  Station  which  had  conducted  the 
scientific  investigation. 

Acting  under  this  law  neariy  $30,000  has  been  expended,  $23,500 
out  of  the  State  fund,  and  with  this  amount  some  15,298  acres  of 
breeding  territory  have  been  or  are  being  made  safe. 

Operations  began  and  have  been  chiefly  carried  on  thus  far  in 
the  centers  of  population,  and  the  marsh  areas  adjoining  the  cities 
of  Jersey  City,  Hoboken,  Newark,  Elizabeth,  and  Rahway  have  been 
or  are  in  process  of  being  cleaned  out.  The  result  has  already  been 
very  notable  in  these  centers,  and  it  will  of  course  become  more 
marked  as  the  territory  further  away  is  brought  under  the  range  of 
our  operations. 

In  carrying  on  this  work  emphasis  is  laid  on  the  elimination  of 
breeding  places  and  not  on  the  destruction  of  the  insects  themselves 
in  any  stage.  Therefore  we  use  no  oil  and  no  killing  agents  of  any 
kind.  Nor  do  we  seek  reclamation  of  the  marsh  land  for  agricultural 
or  other  purposes.  Our  aim  is  simply  to  drain  to  such  an  extent  as 
to  eliminate  surface  pools  and  we  do  thkt  by  cutting  narrow,  deep 
ditches  by  hand  and  machine,  suflBcient  in  number  to  permit  of  the 
rapid  escape  of  all  surface  water  whether  from  extra  high  tides  or 
heavy  rains.    Tidal  marshes  are  not  dangerous. 

Our  work  it  may  be  again  said  is  strictly  practical,  devoted  to 
one  end  only  and  based  absolutely  on  the  results  of  rigid  scientific 
investigation. 
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When  the  gypsy  moth  (Porthetria  dispar  L.)  first  appeared  in  this 
country  in  destructive  numbers,  in  1889,  about  twenty  years  after 
its  first  introduction,  my  attention  was  at  once  attracted  to  the  re- 
markable differences  between  the  two  sexes,  in  size,  form  of  wings, 
antennae  and  coloration.  The  females  are  larger  than  the  males, 
and  when  they  first  emerge  from  the  pupal  stage  their  abdomens  are 
greatly  distended  with  a  large  number  of  eggs,  usually  from  400  to 
600.  In  one  case  a  large  female  moth  began  laying  Aug.  6,  1895, 
and  did  not  complete  her  egg-cluster  till  Aug.  16.  In  this  case  there 
were  201  eggs  found  remaining  in  her  body,  while  the  egg-mass  which 
she  had  deposited  contained  794,  making  995  eggs  in  all.  One 
egg-cluster  was  found  from  which  1000  caterpillars  were  seen  to  hatch, 
and  another  that  contained  over  1400  eggs.  It  has  been  observed 
that  the  larvae  that  do  not  find  sufficient  food  either  die  or  develop 
early,  and  the  females  arising  from  the  survivors  lay  fewer  eggs  than 
those  which  transform  from  well-nourished  caterpillars.  It  is  a 
noticeable  fact  that  the  wings  of  the  female,  although  of  normal  size, 
are  comparatively  thin  and  tveak,  so  much  so  that  they  do  not  attempt 
to  fly  except  when  thrown  up  into  the  air,  when  they  simply  flutter 
to  the  ground.  In  one  case  a  female  gypsy  moth  that  had  finished, 
or  nearly  finished,  laying  her  eggs,  upon  being  disturbed  by  males, 
was  seen  to  drop  to  the  ground  and  fly  about  twenty  feet,  striking 
the  ground  and  rising  again  at  distances  of  about  two  feet. 

It  seems  probable,  and  perhaps  certain,  that  both  sexes  of  the 
ancestors  of  the  gypsy  moth  could  fly  as  easily  and  as  strongly  as 
both  sexes  of  the  brown-tail  moth  (Euproctis  chrysorrliooa  L.)  at  the 
present  time,  and  that  they  were  of  the  same  color. 

The  reason  for  believing  that  the  females  instead  of  the  males 
have  departed  most  widely  from  the  original  type  in  coloration  Is 
that  the  males  fly  actively  during  the  day  and  any  slight  variation  in 
color  would  not  be  so  noticeable  to  their  enemies  as  in  the  case  of  the 
females,  which  do  not  fly  but  rest  on  the  trunks  of  the  trees  or  other 
objects  where  they  happen  to  emerge,  and  are  thus  more  plainly  seen 
by  and  exposed  to  the  attacks  of  their  enemies  than  the  males. 

It  might  seem  that  a  majority  of  the  tree  trunks  and  other  objects 
upon  which  the  females  rest  during  their  imaginal  life  are  of  such  a 
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color  as  would  favor  a  tendency  to  change  in  the  direction  of  the 
color  of  the  male  rather  than  that  of  the  female,  but  in  the  considera- 
tion of  this  problem  we  should  take  into  account,  as  far  as  possible, 
the  past  history  of  this  moth  in  connection  with  its  present  habits. 

The  earliest  information  known  to  me,  that  is  positively  referable 
to  this  species,  is  given  by  Goedart,  in  his  Histoire  des  Insedes,  I, 
pp.  118,  142,  pi.  63,  published  in  1662,  245  years  ago.  Although  the 
illustrations  of  Goedart  and  others  of  those  early  times  are  very  faulty, 
yet  the  color  and  markings  are  so  complete  as  to  convince  one  that  no 
perceptibly  permanent  changes  have  taken  place  within  the  last  two 
and  a  hatf  centuries.  We  are  therefore  led  to  the  conclusion  that 
whatever  conditions  caused  the  remarkable  differences  between  the 
two  sexes  of  this  species,  they  must  have  existed  and  operated  long 
before  any  of  the  writings  on  this  ins^t,  now  extant,  had  been 
published. 

At  the  present  time  the  gypsy  moth  occurs  in  central  and  southern 
Europe,  northern  Africa,  western  Asia,  and  either  the  same  or  closely 
allied  species  occur  in  China  and  Japan.  We  are  therefore  inclined 
to  think  that  the  original  habitat  of  this  insect  was  somewhere  within 
this  territory,  and  probably  in  the  central  and  southern  part  of  east- 
em  Europe  and  western  Asia,  those  portions  where  it  now  seems 
to  thrive  the  most  successfully.  This  conclusion  must  be  accepted 
with  caution,  since  great  geological  and  climatic  changes  may  have 
occurred  since  the  first  development  of  this  species;  and  because 
of  these  changes,  its  original  home  may  have  become  uninhabitable 
and  the  insect  been  driven  into  its  present  localities  by  a  gradual 
change  of  conditions.  As  we  have  no  means  of  proving  or  disproving 
such  a  state  of  things,  we  may  accept  the  first  proposition  conditionally. 

The  first  appearance  of  the  Lepidoptera  on  the  globe  was  in  the 
Jurassic  Period,  or  possibly  earlier,  and  as  early  as  the  Upper  Mio- 
cene they  had  become  sufficiently  differentiated  to  represent  some 
of  the  existing  families,  as  the  Bombicidse  of  the  older  authors,  which 
included  the  gypsy  moth. 

During  the  Glacial  Period  the  insects,  as  'well  as  nearly  all  other 
forms  of  life,  were  driven  far  to  the  south,  or  exterminated  where  they 
were.  This  being  the  case  with  the  insects,  there  must  have  been  an 
ample  supply  in  the  south  to  follow  the  retreating  glaciers  to  the 
north  and  resupply  the  northern  regions,  where  they  appear  to  have 
existed  ever  since. 

It  is  impossible  to  say  how  long  ago  the  gypsy  moth  appeared  as 
a  distinct  species,  but  probably  after  the  glacial  ice  had  retreated  to 
the  far  north,  and  insects  as  well  as  other  animals  and  plants  also  had 
reappeared  in  Europe.  During  the  time  when  the  climatic  condi- 
tions changed  to  such  an  extent  as  to  cause  the  melting  and  retreating 
of  the  glacial  ice  towards  the  north  and  the  summits  of  the  higher 
mountains,  vegetation  in  Europe  crept  slowly  back,  following  the 
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retreating  ice  mass,  more  or  less  stunted  at  iBrst  and  represented  by  a 
peculiarly  Arctic  flora  which  was  followed  by  subarctic  and  temper- 
ate zone  species,  as  shown  by  the  investigations  of  Steenstrup  in  the 
scovemosses  in  Denmark  and  of  others  elsewhere  in  Europe. 

During  this  time  of  slowly  changing  conditions  in  central  Europe 
new  species  could  well  have  been  developed.  If  the  remote  ancestors 
of  the  gypsy  moth  reached  central  Europe,  while  it  was  in  those  sub- 
arctic conditions  when  vegetation  was  sparse  and  more  or  less  stunted, 
the  females,  as  a  result,  being  poorly  nourished,  would  lay  so  few 
eggs  that  flight  would  be  comparatively  easy,  and  at  that  time  both 
sexes  could  fly  equally  well  and  were  of  the  same  or  nearly  of  the 
same  color,  subject  to  more  or  less  variation  as  always  occurs.  As  the 
climate  became  more  equable  and  more  southern  vegetation  took 
the  place  of  the  Arctic  flora  which  was  retreating  still  further  north, 
the  females  of  this  newly  developed  species,  the  gypsy  moth,  in  the 
greater  abundance  of,  and  perhaps  more  nourishing,  food,  developed 
a  larger  number  of  eggs  than  usual,  so  that  in  time  they  became  so 
heavy  that  flight  was  impossible  and,  by  disuse,  the  wings  grew 
weaker  and  thinner,  till  at  the  present  time  they  rarely  make  any  at- 
tempt to  fly.  If  this  line  of  reasoning  were  continued  we  should  in 
time  expect  to  find  the  wings  of  the  females  growing  smaller  and 
smaller,  till  at  last  they  would  have  only  minute  pads  left  in  place  of 
the  wings,  as  in  the  case  of  NotolophiLS  antiqua  and  some  other 
species. 

As  soon  as  the  female  gypsy  moths  ceased  to  fly  they  at  once 
beqame  much  more  exposed  to  their  enemies,  especially  if  they  had 
the  same  habit,  as  now,  of  crawling  up  on  the  trunks  of  the  trees  and 
remaining  quiet  during  the  egg-laying  period.  In  the  old  forests  of 
birch,  beech  and  other  species  having  light-colored  trunks,  the  dark 
brown  females  must  have  stood  out  in  bold  relief  as  a  striking  target 
for  their  enemies,  while  the  actively  flying  males  were  more  protected. 
The  females  in  those  ancient  times  undoubtedly  varied  more  or  less, 
as  they  do  at  the  present  time,  and  those  that  were  lighter  in  color, 
approaching  the  color  of  their  resting  places,  would  be  preserved 
and  propagate  the  future  generation,  till  in  time  all  of  the  females 
became  light  colored  or  white,  just  as  might  be  expected  of  them  in  a 
white  birch  forest.  It  is  interesting  to  note  that  the  normal  markings, 
as  the  transverse  lines  and  the  orbicular  and  reniform  spots,  are  pre- 
served the  longest,  and  last  of  all  these  are  more  or  less  obliterated, 
and  thus,  in  this  case  at  least,  the  antigeny  seems  to  me  to  have  been 
brought  about,  by  natural  selection. 

I  have  watched  these  moths  in  the  mating  season,  very  carefully 
during  the  last  fifteen  years,  both  in  confinement  and  in  the  field, 
and  I  have  never  seen  any  evidence  or  indication  that  the  females 
exhibit  any  choice  as  to  which  of  the  males  hovering  about  shall  mate 
with  them.     In  fact,  when  there  is  but  one  male  hovering  about  a 
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female,  preparatory  to  mating,  he  takes  about  the  same  length  of 
time  and  flutters  about  in  a  similar  manner  as  when  there  are  two  or 
more;  but  I  have  never  seen  a  single  suitor  rejected,  and  have  failed 
to  discover  that  these  females  make  any  selection  of  a  mate.  The 
time  taken  and  the  movements  made  by  the  male  seem  to  me  to  be 
merely  a  preparatory  stage  on  the  part  of  the  male,  as  occurs  in  higher 
animab,  rather  than  a  period  of  waiting  for  the  female  to  make  her 
selection,  as  some  claim. 

The  antennae  of  the  male  gypsy  moth  are  heavily  bipectinated, 
thus  giving  an  increased  surface  for  the  sense  organs.  My  friend 
and  former  pupil,  A.  H.  Kirkland,  performed  a  series  of  very  in- 
teresting expeririients  on  the  gypsy  moth,  in  1895,  in  which  he  dem- 
onstrated that  the  males  discovered  the  presence  of  the  females  by 
means  of  organs  in  the  antennae,  probably  the  sense  of  smell.  When 
the  antennae  of  the  males  were  removed  or  coated  with  shellac  they 
could  not  assemble,  however  near  the  female  was  placed,  and  with 
the  wind  blowing  directly  from  the  female  to  the  male.  If  some  por- 
tion only  was  covered  with  the  shellac  they  were  still  able  to  assemble 
to  some  extent.  Extensive  experiments  in  assembling  were  performed 
by  the  same  gentleman  with  the  gypsy  moth  in  the  field,  under  the 
most  favorable  circumstances,  and  in  no  case  did  they  assemble  be- 
yond half  a  mile. 

It  was  also  demonstrated  that  when  the  entire  abdomen  of  a 
female  was  covered  with  shellac  she  did  not  attract  the  males,  and 
her  attractive  power  decreased  as  the  coated  portion  of  the  abdomen 
was  increased,  while  the  coating  of  other  parts  of  the  body  had  no 
eflfect  upon  her  attractive  power. 

From  the  studies  I  have  thus  far  been  able  to  make  I  am  led  to 
believe  that  assembUng  had  its  origin  among  the  remote  ancestors  of 
the  gypsy  moth,  possibly  among  the  earliest  Lepidoptera  of  preglacial 
times,  and  that  it  led  to  the  strong  development  of  the  pectinations 
of  the  antennae  in  the  males  of  these  insects,  as  well  as  in  many  other 
species.  In  the  early  postglacial  times  the  females  of  the  newly  dif- 
ferentiated gypsy  moth,  having  already  formed  polyphagic  habits, 
because  of  the  changed  flora  of  central  Europe  following  the  Glacial 
Period,  developed  so  large  a  number  of  eggs  as  to  make  the  body  so 
heavy  that  flight  was  impossible,  and  these  conditions  gradually 
caused  a  change  in  the  form  and  thickness  of  the  wings  as  well  as  an 
atrophy  of  the  wing  muscles.  Finally  the  gradual  change  of  the 
ground  color  of  the  females  to  that  of  the  rocks  and  trunks  of  trees 
upon  which  they  most  frequently  rested,  together  with  other  changes, 
were,  as  I  believe,  brought  about  slowly  through  the  thousands  of 
years  since  the  Glacial  Period,  by  Natural  Selection,  and  not  by 
Sexual  Selection  as  many  have  believed. 
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LES  fourmiliEres-boussoles 

CH.  UNDER 

Les  fourmilih'es'boussoles  sont  les  nids  de  Lasius  flavus,  tels 
qu'on  les  trouve  en  abondance  dans  les  pMurages  du  Jura  et  des 
Alpes.  L'orientation  de  ces  constructions,  dhs  longtemps  connue 
chez  les  montagnards,  a  6t6  brifevement  mentionn^  par  Peter  Huber 
dans  ses  Recherches  sur  les  nwmrs  des  fourmis  indigenes  (1810). 
Ces  int^ressantes  constructions  n'ont,  h.  ma  connaissance,  6tS  tir^ 
de  Toubli  que  tout  r^cemment,  dans  une  notice  que  Erich  Wasmann 
a  public  h,  propos  d'une  photographic  faite  par  Robert-Tissot 
(Chaux-de-Fonds,  Suisse)  et  parue  dans  la  Naturwissenschaftliche 
Wochenschrift,  No.  25,  Berlin,  1907. 

Ayant  k  ma  port^e  des  centairies  de  ces  fourmili^res,  il  m'a  paru 
intdressant  d'^tudier  de  plus  pr^  la  question  de  leur  orientation  et 
d'observer  aussi,  sinon  d'expliquer,  les  exceptions  k  la  r^gle  g^n^rale. 

Mes  observations  ont  port^  sur  de  nombreuses  fourmili^res, 
situto  dans  les  paturages  du  Mont  Soleil,  sur  St.  Imier  (Jura, 
Suisse)  k  une  altitude  d'environ  1300  metres.  Parmi  les  nombreux 
exeraples  ^tudi^s  ou  encore  actuellement  soumis  k  I'observation,  je 
ne  citerai  que  quelques  cas  typiques,  sous  le  chef  desquels  les  autres 
se  laissent  facilement  ranger. 

Rappelons  tout  d'abord  que  les  fourmili^res  de  Lasius  flavus 
sont  des  monticules  de  terre,  reconverts  de  v^g^tation,  appel^ 
"  teumons,*'  dans  le  Jura  vaudois,  et  fort  peu  appr^ci^  des  agricul- 
teurs  parceque  la  terre  maigre  de  ces  constructions  porte  une  v^g^ta- 
tion  x^rophyte  que  le  b^tail  ^vite  et  qui  se  resume  peu  k  peu  sur  le 
paturage  et  I'envahit;  ou  rem^ie  parfois  k  cet  inconvenient  en 
pratiquant  une  fumure  et  un  marnage  appropri^s. 

La  forme  de  ces  fourmi  litres  n'est  pas  quelconque,  mais  bien  au 
contraire  ovoide,  assez  r^guli^rement  allong^  et  orients  suivant  la 
direction  Ouest-Est,  d'oii  leur  nom  de  fourmili^res-boussoles  et  Tusage 
qu'en  font  parfois  les  montagnards  pour  s'orienter  dans  le  brouillard 
ou  la  nuit. 

A  la  forme  ellipsoide  de  ces  fourmili^res  correspondent  encore 
d'autres  caract^res  morphologiques :   le  versant  Est  est  abrupt,  seul 
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habits  par  les  fourmis,  couvert  d'une  v^g^tatiQii  clairsem^,  faite 
souvent  de  thym,  de  gen^t  ail^,  gen^t  des  teinturiers,  de  miUepertius, 
d'euphorbe,  de  plantain  et  de  gramin^,  le  tout  sur  un  sol  meuble 
et  sablonneux. 

Le  versant  Quest,  au  contraire,  est  dispose  en  pente  douce,  non 
habits,  fait  de  terre  lourde  et  tass6e,  couvert  d'une  vdg^tation  serr^ 
touffue  mais  courte,  avec  beaucoup  de  plantes  h,  feuilles  radicales  en 
rosette.  Cette  pente  douce  est  ^videmment  le  r^sultat  de  Taccroisse- 
ment  de  la  fourmilifere  qui  se  fait  d'Ouest  k  Est,  en  m^me  temps  que 
la  colonic  abandonne  ses  anciens  quartiers  pour  se  porter  et  pour 
construire  du  c6t^  du  levant. 

L'esquisse  suivante  r^ume  cette  morphologic  externe : 


Vue  en  Prof  II  Est 

West 


L'orientation  des  fourmill^res,  constats  dhjh  par  Huber  sur  des 
milliers  d'exemplaires,  ne  souflFre  des  exceptions  que  lorsque  lepied 
de  Thomme  ou  du  betail  est  venu  alt^rer  la  forme  ou  g^ner  le  d6- 
veloppement  normal  de  ces  int^ressantes  constructions.  Nous  avons 
pu  nous  rendre  compte  aussi  que  des  exceptions  apparentes  sont 
dues  k  la  situation  de  la  fourmilifere  dans  un  emplacement  h.  con- 
ditions d^favorables  ou  tout  au  moins  sp^ciales. 

Mais  dans  tous  les  cas,  il  semble  manifeste  que  nous  sommes  en 
presence  d'une  sorte  d'h^liotropisme  que  Tinsecte  imprime  k  sa  con- 
struction afin  d'utiliser  au  mieux  Tinsolation,  k  des  altitudes  o\i  Thiver 
est  long  et  oii  le  printemps  commence  tr^  tard. 

Pour  nous  renseigner  sur  Torientation  indiqu^  plus  haut,  nous 
avons  proc^^  k  des  levers  sch^matiques  de  nombreuses  fourmili^res, 
rep^rant  k  la  boussole  leur  position,  mesurant  pour  chacune,  d'une 
fa^on  approximative,  le  p^rim^tre  de  la  base,  la  longueur  du  grand 
axe,  la  plus  grande  largeur  et  la  hauteur.  Voici  un  exemple  entre 
beaucoup,  illustrant  le  cas  le  plus  g^n^ral. 
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Est 


/         E. 


Solstice  d'Hiver 

s 
M>^_^  Boussole 
w 

Sud 

Mesures  en  Centimetres 

Perimetre      5.00 

Lon^  aiw        E.OO 

Largeur         0.60 

Hauteur       0.40 
West 

Ou  voit  que  I'axe  de  la  fourmili^re  n'est  pas  exactement  dirigd  suivant 
E-W,  mais  forme  avec  cette  Hgne  un  angle  d'environ  40°,  ce  qui 
correspond  peut-6tre,  quoique  assez  approximativement,  k  la  direc- 
tion du  soleil  levant  au  Sobtice  d'hiver. 

La  r^gle  gdn^rale  comporte  des  exceptions  lorsque,  par  I'lnter- 

Eosition  d'obstacles  (for^ts,  coUines)  entre  le  levant  et  la  fourmili^re, 
J  soleil  levant  est  cach^  h  celle-ci  et  ne  vient  frapper  le  monticule 
que  dans  le  milieu  de  la  mating.  Dans  ce  cas,  la  fourmilifere  n'a 
plus  gu^re  avantage  k  s'orienter  vers  une  lumifere  qu'elle  ne  re9oit 
pas :  elle  prend  une  orientation  indiff^rente,  ^gale  de  tons  les  c6t6s : 
elle  devient  alors  circulaire,  isodiam^trale.    Exemple : 


Boussole 


Mesures  en  Centimetres 

PeVimetre  e.OO 

Long  axe  0.58 

Largeur  0.60 

Hauteur  0.E6 

Les  deux  cas  se  trouvent  r^unis  d'une  fa9on  presque  sch^matique 
dans  une  petite  combe  qui  ne  re9oit  le  soleil  levant  que  par  une 
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^hancrure  au  SE :  les  fourmiliferes  des  talus  pour  lesquelles  le  levant 
est  caeh^,  sont  circulaires;  celles  de  I'axe  de  la  combe  s'orientent 
vers  r^hancrure  qui  leur  donne  le  lumifere  du  matin  •  elles  s'allongent 
et  deviennent  elliptiques. 


Boussole 


Voici  enjBn  un  cas  en  contradiction  apparente  avec  la  rfegle  g^n^rale, 
mais  qui  me  parait  pouvoir  s'expliquer  par  le  m^me  h^liotropisme. 

Ici,  dans  des  conditions  tr^  d^favorables,  le  m^me  but  est  atteint 
par  une  orientation  diam^tralement  oppose.  Plac^  imm^iate- 
ment  en  arri^re  d'un  rideau  de  sapins  h.  TEst,  la  fourmili^re  ne  re9oit 
le  soleil  que  lorsqu'il  est  d4jk  assez  haut  et  qu'il  a  d^pass^  les  sapins 
vers  rOuest.  La  partie  Ouest  du  monticule  recevant  par  cons^uent 
la  premiere  lumi^re,  la  fourmili^re  a  pour  ainsi  dire  fait  volteface  et 
c'est  ici  le  versant  W  qui  est  abrupt  et  habits.  II  est  inutile  de 
rappeler  que  la  pente  forte  permet  une  meilleure  utilisation  de  Tin- 
solation;  il  suffit  de  penser  h,  Taction  solaire  aux  diff^rentes  zones 
du  globe  terrestre  et  de  constater  la  situation  des  meilleurs  vignobles 
sur  les  pentes  les  plus  inclines. 

II  sera  int^ressant  de  r^unir  sur  cette  question  d'orientation  des 
fourmili^res  un  material  d'observations  nombreuses  et  je  serais 
heureux  de  pouvoir  comparer  aux  miennes  les  donn^  que  voudront 
bien  me  fournir  les  naturalistes  d'autres  regions. 
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THE  INFLUENCE  OF  HIBERNATION  AND  MIGRATION 
ON  ANIMAL  PARASITES 

HENRY  B.  WARD 

Among  the  varied  interrelations  of  animals  none  are  more  inti- 
mate or  more  immediate  in  responding  to  changes  than  those  in- 
cluded under  parasitism.  Even  though  owing  to  the  incomplete  state 
of  knowledge  the  evidence  in  any  particular  case  may  be  difficult 
to  elucidate,  yet  the  parasitic  fauna  furnishes  positive  evidence  of 
the  habits  of  its  host.  Among  the  parasites  of  any  animal  are  found 
indications  of  the  range  of  its  dbpersal,  the  stage  of  its  development, 
the  character  of  its  food  supply,  and  the  medium  in  which  it  lives. 
Both  the  environment  and  the  life  history  are  pictured  in  the  guests 
it  shelters;  and  whatever  changes,  usual  or  exceptional,  are  en- 
countered during  its  existence,  3ie  record  of  their  character  is  to 
be  read  in  the  organbms  harbored  by  this  host. 

Some  of  these  relations  have  been  investigated  and  discussed 
by  various  authors.  Thus  important  evidence  concerning  the  habits 
of  the  migrant  b  found  in  the  record  of  Linton  (1899),  that  eeb  caught 
in  the  sea  harbor  a  parasitic  fauna  comprising  largely  marine  elements 
and  only  very  secondarily  forms  of  fresh-water  origin.  Zschokke 
(1902)  shows  that  the  lawyer  {Lota  wlgaris),  the  only  fresh-water 
representative  of  a  piu'ely  marine  group  of  fishes,  possesses  very  few 
parasites  common  to  hosts  which  are  confined  to  fresh  water,  while 
it  harbors  many  parasites  that  occur  rarely  or  never  in  fresh-water 
animals  and  are  characteristically  frequent  in  marine  fishes.  The 
parasitic  fauna  here  clearly  indicates  the  origin  of  the  host,  and 
secondarily  its  present  habitat.  As  here,  so  in  other  instances,  this 
factor  tests  the  conclusions  gained  through  other  lines  of  study  and 
furnishes  valuable  evidence  to  confirm  or  reject  proposed  hypotheses. 
It  constitutes  accordingly  an  important  means  for  the  determination 
of  biological  data. 

Instances  such  as  those  cited  are  not  the  only  ones  in  which  the 
changing  relations  of  the  host  affect  its  parasites.  Other  investi- 
gators have  discussed,  though  often  only  casually,  the  influence  of 
growth  upon  the  parasitic  fauna  in  the  character  of  which  the  im- 
mature and  adult  individuals  differ  often  radically,  and  of  seasonal 
changes  with  the  appearance  and  dbappearance  of  certain  elements 
of  the  parasitic  population.     Usually  diese  results  may  be  traced 
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to  changes  in  food  supply  with  the  modified  time,  age,  range,  or 
habits  of  the  hosts.  But  in  some  eases  the  explanation  is  more  ccm- 
plicated^nd  certainly  due  to  other  factors.  Thus  the  often  observed 
fact  that  at  the  onset  of  certain  diseases  parasites  desert  the  alimentary 
canal  spontaneously  is  probably  attributable  to  changes  in  the 
chemical  environment  within  the  intestine  which  react  unfavorably 
upon  certain  organisms  in  it  In  still  other  cases  the  relations  of 
parasitism  are  as  yet  unsought  or  unexplained. 

It  is  of  two  special  periods  in  the  life  history  that  I  wish  to  speak 
in  their  relations  to  parasitism  as  shown  in  some  recent  work  with 
which  I  have  been  connected.  These  periods  cover  hibernation 
and  migration. 

Data  regarding  the  condition  of  parasites  during  hibernation 
of  the  host  are  rare.  In  spite  of  extended  search  I  have  been  able 
to  discover  no  records  concerning  the  parasitic  fauna  of  hibernating 
Amphibia,  although,  of  course,  incidental  references  may  have  escaped 
my  notice.  Some  five  years  ago  I  assigned  the  topic  for  investiga- 
tion to  one  of  my  students.  Prof.  H.  B.  Duncanson,  of  the  Nebraska 
State  Normal  School,  and  he  has  followed  conditions  carefully  and 
continuously  during  this  time.  Without  prejudice  to  his  work  I  may 
be  permitted  to  cite  here  some  of  the  results  which  he  has  secured, 
and  at  the  same  time  to  tender  thanks  for  his  courtesy  in  placing 
the  data  at  my  disposal.  The  observations  have  been  carried  out 
on  the  frog,  Rana  virescens,  which  can  be  secured  in  considerable 
numbers  in  a  convenient  locality  where  they  abo  hibernate  in  close 
proximity  to  certain  springs.  The  constant  temperature  and  flow 
of  these  springs  keeps  the  ground  from  freezing  during  the  winter 
and  thus  enables  one  to  secure  material  at  all  times  of  year.  The 
definiteness  of  the  area  provides  conditions  of  sufficient  uniformity 
to  warrant  conclusions  regarding  the  effect  of  the  factor  of  hiberna- 
tion. The  frogs  of  this  locality  harbor  a  parasitic  fauna  which  is 
neither  excessive  in  amount  nor  generally  variable  in  type;  but  of 
it  there  is  no  occasion  to  speak  in  detail  here.  The  exact  data  belong 
naturally  in  Professor  Duncanson's  finished  paper.  Many  minor 
points  of  interest  may  abo  be  passed  over  as  non-essential  to  the 
question  under  consideration,  and  the  main  facts  relating  to  hiber- 
nation be  presented  briefly.  It  should  be  kept  in  mind  that  encysted 
forms  or  those  from  closed  cavities  are  not  dbcussed,  as  the  inves- 
tigation concerned  primarily  parasites  of  the  intestine  or  its  adnexa. 

The  lowest  percentage  of  parasitic  infection  b  found  in  the  late 
spring  or  early  summer  about  the  month  of  May  or  June;  that  b, 
just  after  the  spawning  season  has  been  concluded.  At  thb  time 
adult  frogs  are  usually  free  from  all  intestinal  parasites,  and  the 
exceptions  harbor  single  individuab  of  a  single  species  of  such  para- 
sites. The  latter  cases  may  be  satbfactorily  explained,  but  even 
without  explanation  they  constitute  no  real  exception  to  the  rule 
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that  at  the  dose  of  the  rquroductiye  period  the  frog  b  free  from  in- 
testinal parasites. 

During  the  summer  and  fall  the  parasitic  infection  of  the  frogs 
increases  steadily  both  in  number  of  species  and  of  individuals. 
This  increase  is  not  always  regular,  but,  as  might  be  expected,  is  sub- 
ject to  notable  individual  variation.  The  causes  of  such  variations 
suggest  themselves  at  once  and  need  not  be  discussed  here.  The 
infection  advances  in  degree  through  the  fall,  and  reaches  its  maximum 
during  the  hibernating  season.  To  be  sure,  the  absolute  percentages 
show  the  highest  degree  of  infection  among  frogs  taken  from  the 
ground  in  the  month  of  February,  but  this  is  evidently  accidental, 
and  the  different  winter  months  show  practically  the  same  per- 
centage of  infection,  even  though  mathematically  there  is  this  slight 
difference  in  favor  of  February.^  In  brief,  then,  parasitic  infection  in- 
creases up  to  the  time  of  hibernation,  and  does  not  decrease  during 
the  latter  period.  When  the  frog  emerges  from  hibernation  he  carries 
still  the  maximum  number  of  parasites.  Evidently,  then,  one  must 
conclude  that  the  intestinal  parasites  hibernate  with  the  host.  Fol- 
lowing thb  the  parasites  enter  upon  a  period  of  active  reproduction, 
which  continues  up  to  the  time  when  the  hosts  spawn.  This  usually 
takes  place  during  April,  but  this  year  did  not  occur  in  some  in- 
dividuab  until  May,  and  even  Jime.  Comparatively  few  flukes  are 
sexually  mature  except  during'  the  latter  part  of  winter,  and  the 
climax  is  attained  soon  after  the  host  emerges  from  winter  quarters ; 
then  its  parasites  appear  to  have  reached  the  optimum  of  sexual 
reproduction,  if  one  may  judge  from  the  number  of  eggs  discharged. 
This  discharge  of  ova  begins  promptly  after  the  period  of  hiberna- 
tion is  ended,  and  continues  more  or  less  constantly  during  March 
and  April,  or  until  the  spawning  season  has  been  reach^.  The 
parasites  themselves  are  discharged  or  pass  out  from  the  body  of 
the  host  at  the  time  of  spawning,  and  the  close  of  this  period  finds 
the  host  again  free  from  infection.  Two  observations  show  most  dis- 
tinctly that  the  phenomena  of  parasitic  infection  are  related  to  the 
periods  of  hibernation  and  reproduction  rather  than  to  the  calendar 
or  the  season.  The  frogs  in  this  locality  came  from  winter  quarters 
early  in  March  thb  year  (1907),  and  have  spawned  all  the  way  from 
March  25  to  June.  They  have  carried  theb  parasites  regularly  up 
to  the  time  of  spawning,  but  not  beyond.  Furthermore,  Professor 
Duncanson' found  two  individuab  which  had  not  spawned  in  June 
thb  year,  and  both  still  contained  many  sexually  mature  parasites, 
while  all  other  frogs  examined  had  none. 

*  Professor  Duncanson  says  that  complete  hibernation  does  not  in  this  locality 
continue  throughout  the  winter  months.  There  may  be  two  or  three  warm  days 
in  which  the  frogs  are  more  or  less  active  and  thus  may  acquire  new  infections. 
At  any  rate,  during  these  warm  days  in  winter  fresh  food  was  found  in  the  stomachs 
of  some  frogs. 
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The  very  unusual  prolongation  or  postponement  of  the  spawning 
period  in  the  year  1907  b  due  evidently  to  the  late  spring  and  ab- 
errant climatic  conditions.  In  all  cases  here  as  before,  however,  the 
disappearance  of  the  parasites  was  synchronous  with  the  expulsion 
of  the  reproductive  elements. 

These  results  need  verification  in  other  localities  as  well  as  ex- 
tension to  other  species  and  genera  before  they  can  be  accepted  as 
final.  Nevertheless  they  apparently  indicate  very  clearly  that  the 
parasites  have  acquired  the  habit  of  hibernating  with  the  host,  that 
at  the  close  of  this  period  they  resume  normal  activities  for  a  time, 
and  that  a  physiological  limit  to  their  existence  has  been  reached 
by  the  time  the  reproductive  celb  of  the  host  are  mature.  Then 
they  either  die  and  pass  out  of  the  host,  or  are  so  weakened  that  the 
muscular  exertion  incident  to  expulsion  of  the  ova  and  sperm  ceUs 
results  in  forcing  them  from  their  positions  and  discharging  them 
from  the  body  of  the  host  The  retention  of  the  parasites  until  the 
spawning  period,  be  that  early  or  late,  favors  the  latter  view.  A 
limit  to  the  life  of  parasitic  organbms  is  known  in  some  cases,  but 
I  do  not  recall  any  other  instance  in  which  the  parasites  of  a  host, 
even  those  belonging  to  a  single  species,  are  thus  expelled  at  a  single 
time.  It  should  be  borne  in  mind  abo  that  the  individuab  whose 
existence  b  thus  terminated  at  a  definite  point  were  not  all  introduced 
into  the  host  organbm  at  the  same'  time,  but  that  they  represent 
successive  infections  covering  several  months  of  time,  and  that  in 
consequence  they  differ  relatively  very  considerably  in  age. 

I  have  not  found  any  opportunity  to  observe  the  effects  upon 
parasites  of  hibernation  either  in  reptiles  or  manmiab. 

The  following  record  b  important  in  thb  connection.  Blanchard 
(1903)  records  that  hibernating  marmots  never  contain  any  hel- 
minthes  in  the  intestine;  and  that  in  more  than  a  hundred  individuab 
examined  he  found  only  larval  nematodes  encysted  in  the  wall. 
Further,  the  hibernating  marmot  cannot  be  infected  with  Trichina, 
and  these  parasites,  if  ingested  during  hibernation,  survive  less  than 
thirty  days  in  the  intestine.  The  dbappearance  of  the  parasites 
during  hibernation  may  be  due  in  thb  case  to  the  reduction  of  tem- 
perature on  the  part  of  the  warm-blooded  host.  It  b  difficult  to 
compare  satbfactorily  the  meager  data  from  hosts  so  different 
as  the  amphibian  and  the  mammal.  Yet  thb  record  appears  to 
indicate  that  temperature  b  the  controlling  factor,  since  helminthes 
of  the  warm-blooded  host  dbappear  with  the  onset  of  hibernation, 
while  those  of  the  cold-blooded  host  are  retained  through  thb 
period. 

Migration  may  be  a  mere  incidental  change  of  location;  it  may 
be  governed  by  seasonal  changes  of  temperature  or  mobture,  or 
again  be  related  to  the  proper  dbcharge  of  the  reproductive  function. 
Changes  of  location  unregulated  by  natural  or  physidiogical  phe- 
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nomena,  and  hence  purely  incidental  to  the  or«inism  itself,  are  most 
extensively  illustrated  among  domesticated  animab.  It  b  generally 
well  known  that  the  parasitic  fauna  of  such  animals  differs  con- 
siderably in  different  localities.  A  single  instance  may  suffice  to 
exemplify  this  point  Cattie  in  Europe  are  commonly  infested  with 
Fascuda  hepatica,  a  parasite  of  the  liver  of  Herbivora  generally. 
In  Texas,  and  elsewhere  on  the  Gulf  of  Mexico,  they  occasionally 
harbor  the  same  parasite,  which  has  been  imported  into  the  region 
in  one  or  more  of  its  European  hosts  and  has  acquired  a  footing.' 
Much  more  generally  the  Texas  catde  are  infected  with  Fascida 
magna.  This  species  b  in  all  probability  indigenous  to  the  North 
American  continent,  where  it  has  been  widely  reported  from  native 
herbivores  as  well  as  from  domesticated  animals,  while  its  occurrences 
beyond  the  limits  of  thb  continent  are  from  zoological  gardens  and 
in  hosts  exported  from  North  America.  Now  the  introduction  into 
its  natural  range  of  suitable  species,  such  as  domestic  cattle,  has 
resulted  in  its  acquiring  a  new  host  while  the  latter  adds  a  new  species 
to  its  parasitic  fauna.  To  a  considerable  extent  individual  species 
of  parasites  are  confined  to  definite  areas,  and  the  migration  of  suit- 
able hosts  from  one  region  to  another  results  in  the  more  or  less  com- 
plete substitution  of  one  species  of  parasite  for  another.  The  change 
is  often  more  striking  than  the  instance  just  cited,  and  b  related  to 
radical  changes  in  location. 

Nebraska  b  located  nearly  in  the  center  of  the  great  prairie 
region  of  thb  continent,  and  b  traversed  spring  and  fall  by  vast  swarms 
of  wild  ducTss  of  numerous  species  which  breed,  some  within  the 
northern  limits  of  the  State,  but  mostly  much  farther  north.  For 
twelve  years,  with  the  aid  of  various  students  and  friends,  I  have  been 
making  systematic  collections  of  parasites  from  these  migrants  as 
they  pass  north  and  south.  One  fact  b  clear  from  the  records,  in- 
complete as  they  are.  The  parasites  found  in  the  birds  going  south 
are  radically  different  from  those  they  harbor  on  the  way  nordi  some 
foiu*  or  five  months  later.  There  b  a  certain  small  percentage  of 
the  parasitic  fauna  of  the  two  seasons  that  b  identical.  I  have  not 
been  able  to  decide  whether  thb  element  b  acquired  in  both  regions, 
or  whether  it  b  characteristic  of  one  only  and  persbts  beyond  the 
period  of  stay  in  the  other.  One  factor  which  has  only  recendy 
become  evident  tended  to  confuse  the  earlier  records,  and  even  yet 
the  extent  of  its  influence  b  not  positively  determined.  Many  of 
the  birds  which  travel  south  in  the  fall  are  young,  having  been  hatched 
in  that  summer's  brood.  The  parasites  with  which  they  are  infected 
belong,  of  course,  exclusively  to  the  parasitic  fauna  of  the  North. 
But  they  are  also  in  large  part  the  parasites  of  inmiature  age,  and  do 
not  recur  in  the  full-grown  birds,  even  though  the  latter  have  passed 
the  summer  in  the  same  environment.  T^e  labor  involved  in  the 
complete  determination  of  all  the  specimens  and  in  a  final  analysb 
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is  evidently  great,  and  I  cannot  report  fully  on  the  materiaL  But 
the  more  characteristic  forms  have  been  determined,  and  those  less 
frequent  species  which  remain  cannot  greatly  modify,  if  at  all,  the 
general  result  Migration  in  this  phase  abo  demonstrates  clearly 
the  definite  geographical  distribution  of  the  parasitic  faima  just  as 
is  known  of  higher  free-living  forms. 

Among  the  extensive  and  careful  records  of  avian  parasites  made 
in  Egypt  there  are  some  which  seem  to  point  to  the  same  conclusion, 
namely,  the  importation  of  species  by  birds  returning  from  the  North. 
I  think  that  in  some  connection  Looss  has  discussed  this  matter,  but 
I  am  unable  now  to  locate  this  reference  or  to  give  a  more  exact 
citation  of  it.  Evidendy  the  seasonal  migrations  of  birds,  trans- 
cending the  limits  of  continents  and  crossing  regularly  all  kinds  of 
natural  barriers  to  the  dispersion  of  species,  have  resulted  long  since 
in  introducing  into  the  South  all  avian  parasites  from  the  northern 
regions  which  could  find  there  proper  conditions  for  existence,  and, 
vice  versa,  in  adding  to  the  northern  parasitic  fauna  such  forms  from 
birds  as  could  establish  themselves  there.  The  migration  cannot  now 
be  expected  to  add  new  species  to  either  region;  it  merely  affords 
an  indication  of  the  manner  in  which  in  the  past  parasitic  forms  have 
been  widely  disseminated  and  an  explanation  of  the  unusually  wide 
distribution  of  the  parasites  of  migratory  birds. 

Among  the  fishes  are  numerous  instances  of  migration,  the  most 
striking  of  which  are  related  to  the  reproductive  function.  One  of 
the  best  known  b  the  case  of  the  salmon,  and  thb  b  abo  the  only  one 
which  has  received  careful  attention  with  reference  to  the  parasitic 
infestation  of  the  fish.  The  most  comprehensive  and  important 
of  these  investigations  are  those  by  Zschokke  (1889, 1891,  1902).  To 
present  the  conditions  acciu*ately,  let  me  state  them  as  nearly  as 
practicable  in  his  own  language. 

Richly  laden  with  parasites  the  Rhine  salmon,  Saimo  salary 
enters  upon  its  journey  in  fresh  water.  In  the  course  of  its  wandering 
it  loses  more  and  more  those  parasites  which  inhabit  the  open  in- 
testine below  the  pyloric  cceca;  and  since  it  fasts  while  ascending  the 
Rhine,  and  thus  the  door  for  the  invasion  of  parasitic  worms  is  closed, 
it  secures  no  fresh  supply.  Even  thus  the  salmon  at  Basel  affords 
an  unusually  rich  booty  of  parasites,  harboring  more  than  twice 
as  many  species  as  any  fresh-water  fish  at  that  place.  But  there 
remain  only  the  inhabitants  of  the  anterior  part  of  the  alimentary 
canal  and  those  which  can  retire  there;  so  that  parasites  which  in 
other  hosts  inhabit  only  the  intestine,  occur  in  the  stomach  and 
oesophagus  of  the  Rhine  salmon.  To  such  must  be  added  also  those 
forms  which  lie  in  the  pyloric  cceca  with  their  rich  store  of  reserve 
food,  as  well  as  others  which  are  encapsulated  in  various  parts  or 
move  about  freely  in  the  body  cavity  or  other  closed  organs.  But 
even  those  parasites  in  the  oesophagus,  stomach,  and  pyloric  coeca 
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appear  to  decline  in  number  of  species  and  individuals  as  the  fish 
remains  longer  in  fresh  water  and  climbs  higher  in  the  stream. 
Finally,  the  salmon  harbors  only  the  encapsulated  forms  and  those 
lying  in  various  entirely  occluded  organs.  The  migration  up  the 
Rhine  constitutes  thus  a  cure  for  the  elimination  of  parasites  from 
the  alimentary  canal.  Some  investigators,  indeed,  though  without 
the  exact  knowledge  afforded  by  these  demonstrations  of  Zschokke, 
have  proposed  to  explain  the  migratory  instinct  of  [many]  fishes 
on  the  basis  of  the  necessity  of  relieving  themselves  of  parasites 
acquired  in  the  ocean. 

The  salmon  which  ascends  the  streams  from  the  Baltic  Sea  feeds 
abundantly  in  fresh  water  and  harbors,  accordingly,  some  fresh- 
water parasites,  while  the  intestinal  region  does  not  become  free 
from  parasitic  infestation.  It  possesses  even  a  richer  parasitic  fauna 
than  the  Rhine  salmon. 

To  these  observations  of  Zschokke  may  be  added  some  others, 
which,  though  less  extensive,  give  important  evidence  in  support 
of  Zschokke's  views.  Fritsch  (1894)  records  that  in  the  Elbe  the 
salmon  takes  absolutely  no  food,  and  notes  the  corresponding  purely 
marine  character  of  its  parasitic  fauna.  On  the  oUier  hand,  Mc- 
intosh's observations  (1863)  on  the  salmon  of  the  Tay  demonstrate 
that  it  does  feed  to  some  extent  during  its  fresh-water  migration. 
The  list  of  its  parasitic  inhabitants  shows  the  marine  element  pre- 
ponderating, but  includes  abo  some  guests  of  fresh-water  fishes. 
The  parasitic  fauna  of  this  salmon  is  rich  and  varied,  and  includes 
a  considerable  element  in  the  intestine  behind  the  pyloric  coeca 
where  in  the  Rhine  salmon  parasites  are  entirely  lacking.  This 
and  the  large  percentage  of  fresh-water  forms  in  the  alimentary 
canal  are  advanced  by  Zschokke  in  support  of  the  view  that  the 
taking  of  food  is  uninterrupted.  The  marine  parasites  of  the  ali- 
mentary canal  are  gradually  lost,  and  only  partially  replaced  by 
fresh-water  successors,  so  that  the  parasitic  fauna  becomes  reduced 
during  the  migration  of  thb  salmon  abo. 

By  inference  from  these  records  of  different  observers  the  parasitic 
infestation  b  at  a  minimum  when,  after  spawning  is  finbhed,  the 
salmon  starts  on  its  return  to  the  sea.  To  a  certain  extent  conditions 
are  similar  to  those  which  obtain  in  the  case  of  the  frog,  that  I  have 
just  dbcussed.  The  reproductive  period  constitutes  the  terminus 
of  a  physiologic  cycle,  and  the  organism  starts  upon  a  new  cycle 
unincumbered  by  the  parasitic  guests  of  the  former  period. 

In  view  of  these  extremely  interesting  investigations  on  the  re- 
lations of  parasitbm  to  migration  in  the  European  salmon  by  Zschokke 
and  others  to  whom  I  have  just  referred,  it  was  with  pleasure  that 
I  accepted  an  invitation  from  the  U.  S.  Bureau  of  Fbheries  to  inves- 
tigate the  parasitic  diseases  of  the  Alaska  salmon.  Permit  me  here 
to  express  the  thanks  due  to  the  Hon.  George  M.  Bowers,  U.  S.  Com- 
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missioner  of  Fisheries,  for  many  courtesies,  including  the  permission 
to  make  use  at  this  time  of  some  of  the  general  data  secured  during 
my  stay  in  Alaska  last  sununer.  The  detaib  are  too  voluminous 
for  inclusion  here,  and  belong  rightly  in  the  finished  report  of  the 
work  to  be  published  by  the  Bureau  of  Fisheries.  A  brief  sketch 
of  the  results  so  far  as  they  bear  upon  the  question  under  considera- 
tion may  be  preceded  by  a  few  items  in  regard  to  the  Pacific  salmon 
to  facilitate  comparison  with  the  previous  work  in  Europe.  The 
European  work  has  all  been  done  on  the  Atlantic  salmon,  of  which 
only  one  species,  Salmo  saiar,  is  recognized  by  ichthyologists.  Its 
local  races  manifest,  as  already  noted,  certain  difPerences  in  habits. 

The  Pacific  salmon  has  five  species  of  more  or  less  commercial 
importance:  the  King  salmon  {Onchorhynchus  tschawytscha) ;  the 
Red  salmon  (Onchorhynchus  nerka);  the  Cohoe  or  Silver  salmon 
(Onchorhynchus  IdsiUch);  the  Humpback  salmon  (Onchorhynchus 
gorbuscha);  and  the  Dog  or  Calico  salmon  (Onchorhynchus  keta). 
Of  these  the  most  abundant  and  important  commercially  in  Alaska 
is  the  Red  salmon,  to  which  in  my  work  especial  attention  was  paid. 
In  all  138  specimens  of  thb  fish  from  various  portions  of  the  Ketchikan 
district  were  examined,  beginning  with  the  first  to  appear,  early 
in  June,  and  extending  to  the  time  of  spawning,  about  September  1. 
These  included  also  specimens  taken  both  from  salt-water  and  from 
fresh-water  lakes  at  different  periods  of  time,  so  that  the  average 
condition  of  the  species  was  fairly  represented.  (All  the  statements 
to  be  made  apply,  unless  the  contrary  is  specifically  stated,  to  this 
species.)  Of  the  other  species  smaller  numbers  were  examined; 
namely,  31  humpback,  21  silver,  10  king,  and  9  dog  salmon.  So 
far  as  data  were  obtained  from  these  they  substantiate  the  results 
of  examinations  made  on  the  red  salmon,  but  the  numbers  are  too 
small  to  justify  any  further  general  statements.  It  was  striking 
that,  in  spite  of  similar  habits  and  food,  these  salmon  appear  to  mani- 
fest a  distinct  individuality  in  the  parasitic  species  they  harbor. 
Braun  (1893)  has  called  attention  to  a  marked  difference  in  cestode 
infestation  between  closely  related  genera  of  animals,  citing  fish- 
eating  birds  that  pursue  the  same  prey.  The  phenomenon  has  been 
explained  on  the  basis  of  difference  in  the  alimentary  secretions  of 
the  two  species,  and  in  so  far  as  the  range  of  such  forms  is  identical, 
this  appears  to  be  the  only  explanation.  In  the  case  of  the  salmon 
there  are  concerned  only  species  of  the  same  genera,  and,  until  the 
contrary  is  proved,  we  must  assume  preferably  that  the  cause  is  a 
difference  in  range  or  food  during  the  long  unknown  life  in  deep  waters 
of  the  ocean,  whence  these  fish  suddenly  come  into  the  estuaries  on  the 
approach  of  the  spawning  season.  Of  the  European  salmon  Zschokke 
says  (1891:22),  "The  parasitic  fauna  teaches  us  what  b  often  re- 
garded as  not  yet  completely  demonstrated,  that  the  salmon  of  differ 
ent  stream  regions  carries  on  a  different  mode  of  life."     For  the 
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Alaska  salmon  the  same  may  be  said  with  added  emphasis.  The 
differences  in  the  general  aspect  of  the  parasitic  fauna  are  greater 
between  the  species  of  Alaska  salmon  than  those  we  are  about  to 
discuss  between  the  same  species  at  different  times  in  its  migration. 

The  red  salmon  caught  early  in  the  season  in  the  salt-water  and 
brackish-water  estuaries  of  southeastern  Alaska  frequently  have  the 
stomachs  well  filled  with  recendy  ingested  food.  Of  25  such  only 
7  had  any  parasites  in  the  intestine,  while  of  10  without  any  food 
in  the  stonutch  all  save  1  had  parasites  in  the  intestine.  Of  those 
red  salmon  examined  a  month  or  more  later  none  had  recognizable 
masses  of  food  in  the  stomach,  and  vet  about  the  same  percentage 
of  the  whole  number  was  found  to  harbor  intestinal  parasites.  It 
b  possible  to  go  one  step  further  in  this  analysis:  the  red  salmon 
taken  in  both  July  and  August  from  fresh-water  lakes,  where  they 
were  waiting  and  ripening  for  the  spawning  period,  show  the  same 
variability  and  relative  degree  of  parasitic  infection  in  the  intestine 
as  those  taken  from  the  salt  water,  save  that  the  occasional  specimens 
of  Bothriotania  infundibuliformis,  which  are  rarely  found  in  the 
salt-water  salmon,  were  not  present  at  all  in  the  fresh-water  speci- 
mens. In  brief,  then,  so  far  as  the  Alaska  salmon  is  concerned,  in- 
testinal parasites  are  both  variable  and  infrequent  at  all  times,  and, 
in  opposition  to  the  demonstrations  of  2^chokke  for  the  European 
salmon,  do  not  disappear  from  the  intestine  either  early  or  late  in 
the  migration,  although  the  number  of  cestodes  possibly  becomes 
reduced  towards  the  close  of  that  period.  One  fact  was  noticeable 
in  these  examinations,  as  I  have  also  marked  it  in  other  fish  at  various 
places;  namely,  if  a  fish  be  left  out  of  the  water  for  more  than  a 
brief  period  the  cestodes,  especially,  will  be  found  to  have  left  the 
intestine.  I  am  unable  to  say  whether  they  wander  out  voluntarily, 
as  is  known  to  occur  at  the  inception  of  certain  diseases  in  land 
animals,  or  whether  they  are  forced  out  by  the  reduction  in  volume 
of  the  fish  due  to  post-mortem  contraction  of  the  muscles  and  to  the 
mechanical  effects  of  drying.  The  fact,  however,  tends  to  vitiate 
results  obtained  from  the  examination  of  fish  exposed  for  an  in- 
definite time  in  fish  markets.  I  have  no  evidence  that  either  trema- 
todes  or  nematodes  are  affected  in  the  same  way,  although  I  have 
frequently  captured  intestinal  flukes  crawling  about  in  the  mouth 
or  on  the  outer  skin  of  fish  that  had  been  lying  untouched  for  some 
time  on  the  ground  or  in  a  box. 

The  parasites  of  the  pyloric  region  are  apparently  not  affected 
by  the  migration,  with  the  exception  that  the  only  large  cestode  found 
{BolhriotcBnia  infundibuliformis)  was  not  present  in  hosts  taken  from 
fresh  water.  It  is,  however,  not  frequent  in  any  series  of  specimens; 
hence  its  absence  in  the  later  part  of  the  migratory  period  may  be 
without  significance.  The  parasites  of  the  stomach  and  oesophagus 
are  as  varied  in  species  and  nearly  as  abundant  in  nmnbers  at  the 
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close  of  the  migratory  period  as  they  were  at  the  outset.  Nor  can 
I  find  any  invasion  of  these  organs  by  parasites  which  earlier  inhabit 
the  more  posterior  portions  of  the  alimentary  canal.  The  parasites 
of  the  body  cavity,  which  include  a  most  interesting  and  abundant 
new  species,  remain  also  as  numerous  and  as  active  in  ripe  fish  on 
the  spawning  grounds  as  they  are  in  the  unripe  fish  in  salt  water. 
In  other  words,  with  the  possible  exception  of  the  large  cestodes  in 
the  Alaska  salmon,  migration  does  not  afford  a  successful  means  of 
eliminating  alimentary  parasites. 

Like  the  Rhine  salmon,  our  Pacific  species  do  not  feed  after  they 
leave  the  salt  water.  I  have  not  found  food  objects  even  incidentaUy, 
in  the  stomach,  although  such  may  occasionally  be  swallowed  by 
accident  The  white  mucus,  which  is  present  in  considerable  quan- 
tities, at  first  become  reduced  in  volume  and  changed  until  only  a 
litde  greenish,  more  fluid  material,  remains.  These  changes  have 
no  apparent  effect  on  the  parasites  present  at  the  start.  In  those 
fish  which  had  been  longest  in  fresh  water  I  discovered  a  few  cestode 
larvae  which  were  apparently  of  recent  introduction.  But  the  fresh- 
water element  is  relatively  insignificant.  One  addition  is  note- 
worthy. During  the  stay  in  the  two  lakes  at  which  I  worked  the 
Alaska  salmon  acquires  abundantly,  and  regularly,  one  new  parasite. 
In  all  cases  the  oral  cavity  and  gills  contained  large  numbers  of  a 
parasitic  copepod,  not  a  single  specimen  of  which  was  ever  taken  from 
a  salt-water  fish.  This  b  the  total  of  the  fresh-water  contribution 
to  the  parasitic  fauna  of  the  Alaska  salmon.  Omitting  the  gill  para^ 
site,  which  has  no  relation  to  alimentation,  the  increase  is  as  trivial 
as  in  the  case  of  the  Rhine  salmon,  according  to  Zschokke's  inves- 
tigations. This  author  maintains  rightly  that  the  absence  of  fresh- 
water parasites  is  strong  evidence  for  the  assumption  that  in  the 
Rhine  the  salmon  fasts  completely.  The  similar  absence  of  a  fresh- 
water element  in  the  parasitic  fauna  of  the  Alaska  salmon  is  an 
equally  strong  confirmation  of  the  view  that  this  fish  also  does  not 
feed  at  all  during  its  fresh-water  existence. 

While  in  this  particular  the  evidence  from  parasitism  indicates 
a  biological  similarity  between  the  salmon  of  Alaska  and  of  the 
Rhine,  other  details  already  noted  manifest  as  distinctly  a  biological 
contrast.  The  parasites  of  the  Alaska  salmon  may  suffer  some 
reduction  in  numbers  dining  the  migratory  period,  yet  the  series 
of  fish  examined  is  too  limited  to  demonstrate  such  a  relation,  since 
the  infection  of  the  host  has  been  shown  to  be  exceedingly  variable 
under  all  conditions.  Certain  it  is  also  that  at  the  termination  of  the 
migratory  period  the  parasitic  fauna  of  the  Alaska  salmon  is  still 
varied  and  continues  to  inhabit  all  regions  of  the  body. 

These  results  stand  in  such  strong  contrast  with  those  of  2^schokkey 
already  dbcussed,  that  they  are  both  unexpected  and  difficult  to 
explain.     They  evidently  need  verification  from  another  series  of 
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observations  on  the  same  hosts  before  they  can  be  finally  accepted. 
Nevertheless  it  should  be  borne  in  mind  that  the  Alaska  salmon  belongs 
to  an  entu^ly  different  genus  from  the  European,  and,  furthermore, 
that  it  perishes  after  spawning  and  never  returns  to  salt  water  to 
enter  upon  another  physiologic  cycle  of  existence.  Theje  is  then  at 
least  one  physiologic  factor  in  this  case  which  does  not  exist  in  the 
other,  and  one  might  properly  expect  to  find  in  consequence  some 
radical  differences  in  the  economy  of  the  two  species. 

So  far  as  the  parasitic  forms  are  concerned  this  limit  of  life  with 
a  single  reproductive  period  and  failure  of  the  host  to  return  to  the 
sea  are  of  considerable  influence.  Large  numbers  of  parasites  are 
carried  into  fresh  water  by  the  salmon  and  left  there.  Among  them 
are  both  adult  and  immature  forms.  They  do  not  seem  to  furnish 
any  effective  addition  to  the  parasitic  life  of  the  lakes,  as  search 
among  the  most  varied  hosts  in  and  about  these  waters  failed  to 
disclose  these  parasites  or  any  stages  in  their  life  hbtories.  Some, 
of  the  encysted  forms  may  reach  matiuity  occasionally  in  birds  or 
manunals  which  feed  upon  the  fresh-water  salmon,  but  in  such 
cases  the  means  of  reinfection  are  not  easy  to  conjecture.  The 
mature  forms  discharge  their  ova  into  an  environment  where  they 
could  hardly  find  conditions  for  further  development,  and  even  if 
the  embryos  do  pass  successfully  the  first  stages  of  their  life  history, 
there  is  no  chance  to  reach  the  adult  salmon  as  final  host.  One 
distome  which  inhabits  the  trout  of  the  streams  and  lakes,  as  well 
as  the  salmon,  may  owe  its  introduction  into  fresh  water  to  these 
migrations.  But  the  instance  is  unique  and  the  introduction  un- 
questionably, at  least,  of  long  standing,  if  the  case  is  not  to  be  ex- 
plained on  other  grounds.  Evidently,  then,  the  vast  majority  of  the 
parasites  which  the  Alaska  salmon  brings  into  fresh  water  can  find 
no  further  possibilities  of  existence.  These  large  numbers  which 
do  not  complete  their  life  cycles  early  enough  to  leave  ova  in  the 
sea  form  part  of  the  reproductive  surplus  so  prominent  in  para- 
sitic organisms.  They  are  unable  to  aid  in  the  propagation  of  the 
species. 
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VARIATION  OF  ENVIRONMENT 

(AB8TRACT) 

A.  E.  ORTMANN 

Assuming  that  variations  of  organic  beings  are  directly  influenced 
by  the  variations  of  environment^  we  see  that  there  are  two  kinds  of 
variations  of  the  latter,  which  might  be  correlated  with  corresponding 
types  of  organic  variation. 

Environment  is  by  no  means  a  fixed  set  of  conditions,  but  there 
are  numerous  features  in  it  which  change  more  or  less.  Some  are 
characterized  by  the  fact  that  they  fluctuate  around  a  certain  average, 
but  on  the  other  hand  we  observe  that  environmental  conditions 
may  change  permanently  in  a  definite  direction.  Both  forms,  fluc- 
tuating variation  and  permanent  changes  or  mutation,  are  not 
sharply  separated,  but  pass  gradually  into  each  other. 

It  is  easily  seen  that  the  so-called  '^  fluctuating  variation '^  of 
organisms  may  be  directly  correlated  to  the  fluctuating  variation  of 
environment;  then,  again,  there  are  permanent  changes  in  organic 
forms,  or  '' mutations"  (in  the  sense  of  v.  Waagen,  but  not  of  de 
Vries):  these  may  be  correlated  with  the  permanent  changes  of  en- 
vironment, so  that  the  latter  directly  produce  the  former  (pressure 
of  environment).  If  this  is  true,  that  the  two  different  kinds  of 
organic  variation  depend  on  the  corresponding  variations  of  envi- 
ronment, it  is  clear  that  both  may  also  pass  into  each  other  and 
that  there  is  no  sharp  line  to  be  drawn  between  them.  Thus  fluctu- 
ating organic  variation  may  change  to  mutation,  that  is  to  say,  chance- 
variations  may  become  permanent,  provided  that  the  fluctuating 
changes  in  the  environment  become  permanent  ones. 


Digitized  by 


Google 


NOTES  ON  THE  DISTRIBUTION  OP  ENTOZOA  OF 
NORTH  AMERICAN   MARINE   FISHES 

EDWIN  LINTON 

In  this  paper  it  is  proposed  to  give  attention  to  some  resemblances 
and  differences  found  in  the  helminth  faunas  of  the  following  local- 
ities: Woods  Hole,  Massachusetts;  Beaufort,  North  Carolina;  Ber- 
muda; and  Tortugas,  Florida. 

Most  of  the  material  from  the  several  localities  was  collected  in 
the  months  of  July  and  August. 

Woods  Hole  is  situated  on  the  coast  of  southern  New  England, 
where  the  influence  of  the  arctic  current  is  less  evident  than  it  is  north 
of  Cape  Cod.  Many  of  the  fishes,  however,  from  which  entozoa 
were  obtained  in  this  locality,  collected  by  Vinal  N.  Edwards  in  the 
autumn  and  winter,  are  typical  northern  species,  such  as  the  cod, 
haddock,  and  halibut.  There  are  abo  included  in  this  list  a  few 
southern  forms  which  occasionally  wander  as  far  north  as  the  New 
England  coast. 

The  fauna  of  Beaufort,  North  Carolina,  while  characteristically 
that  of  the  warm  temperate  zone,  includes  a  few  species  of  fish  which 
occur  abo  at  Woods  Hole. 

Bermuda,  on  account  of  its  situation  far  out  at  sea,  its  equable 
climate,  and  the  large  number  of  coral-reef  fishes,  possesses  some 
features  of  special  interest. 

The  Dry  Tortugas,  situated  near  the  tropic  of  Cancer,  are  virtu- 
ally in  the  Gulf  Stream  and  are  surrounded  by  coral  reefs.  Although 
far  to  the  south  of  the  Bermudas  they  fumbh  many  points  of  resem- 
blance to  those  blands,  many  of  the  species  of  fish  bang  identical  in 
the  two  localities. 

The  Entozoa  of  fishes  of  the  four  localities,  named  above,  have 
been  tabulated,  but  the  detaib  are  too  volimiinous  to  be  brouj^t 
within  the  compass  of  thb  paper,  which  can  consider  only  bread 
similarities  and  differences,  and  illustrate  them  by  but  a  few  typical 
examples. 

Characteristics  of  the  Helminth  Fauna  of  the  Several 

Localities 

1.  Acanthocephala.  —  In  the  Woods  Hole  region  14  species  of 
the  genus  Echinorhynchus  were  found  in  48  species  of  fish,  or  in 
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40  per  cent  of  the  species  of  fish  examined  for  entozoa.  In  many 
cases  these  parasites  were  found  in  large  numbers,  especially  in  the 
flat-fish,  cod,  haddock,  and  halibut  In  these  fish  they  are  of  frequent 
occurrence  and  numerous.  The  genus  Echinorhynchus  was  found 
in  nearly  all  the  species  of  the  Pleuronectidae  examined.  It  was  most 
frequent  and  most  abundant  in  the  flat-fish  and  halibut.  One  species, 
E.  acusy  is  by  far  the  most  abundant  of  the  Acanthocephala  in  the 
fishes  of  the  Woods  Hole  region,  having  been  found  in  33  of  the 
species  examined.  It  appears  to  be  a  distinctly  northern  species,  oc- 
curring most  frequendy  and  in  greatest  abundance  in  the  cod,  had- 
dock, and  halibut,  less  frequently,  and  in  much  diminished  numbers, 
in  fishes  of  less  decided  northern  range,  while  in  fishes  which  have 
a  more  southern  range  in  general  than  Woods  Hole,  e.  jr.,  Lobotes, 
Tylosurus,  and  Caranx,  it  was  not  found,  its  place  apparendy  being 
taken  by  the  species  which  I  have  recorded  under  the  name  E,  pristis. 

At  Beaufort  five  species  of  the  genus  Echinorhynchus  were  found 
in  19  of  the  species  of  fish  examined,  that  b  in  30  per  cent  of  the  whole 
number  of  species  of  fish  examined.  Of  these  tfie  species  E.  pristis 
was  found  in  11,  thus  taking  the  place  in  the  Beaufort  region  which 
is  held  by  E.  acus  in  the  Woods  Hole  region.  The  only  fact  that  thus 
far  stands  in  the  way  of  the  generalization  that  pristis  is  a  southern 
form  is  the  finding  of  a  single  specimen  in  Lophius  at  Woods  Hole. 
The  other  finds  of  pristis  at  that  place  were  in  fish  for  which  it  is  about 
the  northern  limit  of  their  range.  It  may  be  remarked,  in  reference 
to  this  fact,  that  Lophius  is  a  fish-eater,  and  succeeds  in  catching 
some  very  active  fish.  It  is  quite  possible,  therefore,  that  the  single 
specimen,  and  that  a  mutilated  one,  which  was  found  in  the  alimen- 
tary canal  of  a  goose-fish,  had  been  introduced  with  the  food,  which 
could  easily  have  been  a  fish  of  southern  range.  Another  species 
which  was  found  in  both  localities  is  E.  protevs,  which  was  found  in 
6  of  the  Woods  Hole,  and  in  1  of  the  Beaufort  fishes.  It  is  a  point  of 
some  interest  that  a  species  which  had  been  found  in  an  im- 
mature stage,  encapsuled  on  the  viscera  of  a  number  of  Woods  Hole 
fishes,  was  found  adult  in  the  intestine  of  Rachycentron  canadus  at 
Beaufort. 

In  all  cases  Echinorhynchi  were  found  in  small  numbers  in  Beau- 
fort fishes.  This  is  in  contrast  with  the  manner  of  their  occurrence 
in  fishes  of  distinctively  northern  ranee. 

Of  the  52  species  of  Bermuda  fish  examined,  the  genus  Echino- 
rhynchus was  found  in  1 1 ,  or  20  per  cent.  These  belong  to  one  species, 
near  E.  pristis,  to  which  I  have  given  the  name  E.  medius.  Only  a 
very  few  of  these  were  found  in  any  Bermuda  fish  and  on  but  few 
occasions. 

Echinorhynchi  were  found  in  4  of  the  37  species  of  Tortugas  fish, 
or  in  11  per  cent.  There  is  but  one  species,  E.  pristis,  or  near  it.  Only 
11  specimens  were  found,  8  of  which  came  from  one  fish. 
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Table  showimo  Distribution  of  Acanthockphaia 


No.  of 
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no.  of 

Locality. 

No.  of 
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fish  ex- 
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rhynchi 
were 
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of 
affected 
species. 

species  of 
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species  of 
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Woods  Hole 
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48 

40 

1.50 
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cially in  fishes  of 
northern  range. 
Infrequent  and  few. 

Beaufort    . 

64 

19 

30 

1.37 

Bermuda    . 

52 

11 

20 

1 

U                 t(           il 

Tortugas    . 

37 

4 

11 

1 

tt          tt       tt 

Of  course  a  more  extended  examination^  both  of  species  and  of 
individuab,  may  alter  the  above  figures  materially.  It  is  not  likely, 
however,  that  the  general  conclusion  which  follows  from  the  data 
already  accumulated  would  be  affected.  That  is,  the  Acanftiocephala 
are  more  abundant,  certainly  in  individuals,  and  probably  in  species, 
in  the  fishes  of  northern  waters  than  they  are  in  those  of  southern 
waters. 

Echinorhynchi,  while  recorded  in  a  few  cases  from  selachians, 
are  probably  introduced  with  the  food,  and  resist  for  a  longer  or 
shorter  time  the  digestive  juices  of  the  casual  host. 

2.  Nematoda.  —  In  the  Woods  Hole  list  97,  or  80  per  cent,  of  the 
species  examined  harbored  nematode  Entozoa.  Of  these,  17  were  as- 
signed to  species.  The  creater  part  of  the  unidentified  finds  were 
immature  ascarids,  usually  encysted  or  encapsuled  on  the  viscera. 
In  many  cases,  notably  the  butterfish,  cod,  goose-fish,  and  whidng, 
these  encapsuled  worms  occur  in  large  numbers.  Adults  were  found 
to  be  of  frequent  occurrence  and  often  numerous  in  many  species,  as 
the  cod,  haddock,  hake,  halibut,  sword-fish,  toad-fish,  etc. 

Among  the  64  Beaufort  species  examined,  nematodes  were  found 
in  46,  or  72  per  cent.  In  by  far  the  greater  number  of  cases*  these 
finds  were  represented  by  few  examples.  The  only  species  in  which 
adult  nematodes  were  found  at  all  frequently  was  in  the  bonnet-head 
shark  and  toad-fish.  Immature,  encapsuled  forms  were  found  in 
considerable  numbers  only  in  the  gray  trout,  spotted  trout,  and  blue- 
fish. 

In  the  Bermuda  list  of  52  species  nematodes  were  found  in  18, 
or  35  per  cent.    There  were  few  m  nearly  all  cases,  the  only  exception 
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being  the  hound  fish  (Tyhsvms  actui),  the  flesh  of  which  was 
infested  with  a  number  of  wonns  referred  to  the  species  Ickthyonema 
globiceps. 

Nineteen  out  of  35  Tortugas  species,  or  54  per  cent,  harbored 
nematodes.  These  were  invariably  few  in  number,  in  many  cases 
only  1  specimen  being  found.  The  greatest  number  recorded  for 
any  one  species  is  30,  the  aggregate  collected  from  4  specimens  of 
the  nurse  shark,  and  representing  two  species.  Thus,  although  the 
percentage  of  species  harboring  nematodes  is  higher  than  is  the  case 
with  the  Bermuda  fishes,  the  degree  of  parasitism  is  really  less.  In- 
deed, as  for  the  Acanthocephala,  so  for  the  Nematoda,  these  investi- 
gations show  a  descending  scale  of  parasitism,  especially  as  to  the 
number  of  individuals,  in  proceeding  from  north  to  south.  Of  course 
the  examination  of  a  larger  number  of  species  and  of  individuab  may 
result  in  material  change  in  the  figures;  at  the  same  time,  enough 
examinations  in  the  several  localities  have  been  made  to  warrant  d^e 
recording  of  thb  varying  distribution. 

Table  showino  Distribution  of  Nematoda 
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Average 
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affected 
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Woods  Hole 

121 

97 

80 

1.66 

Very  numerous 
both  adult  and 
immature  in  a 
considerable  num- 
ber of  species  and 
individuals. 

Beaufort     . 

64 

46 

72 

1.52 

Many  in  a  few 
species  and  in- 
dividuals      only, 

few  in  most  cases. 

Bermuda    . 

52 

18 

35 

1.44 

Many  found  in  only 
one  species,  few 
in  other  cases. 

Tortugas    . 

37 

19 

51 

1.62 

Few  in  all  cases, 
very  few  in  most 
of  them. 

« 

Unlike  the  Acanthocephala,  the  Nematoda  are  found  in  most  of 
the  species  of  selachians  examined,  although  occurring  in  any  con- 
^derable  numbers  or  frequency  in  only  one  species,  the  bonnet-head 
shark  (Sphyma  tiburo).  The  nematodes  of  selachians  are,  as  a  rule, 
mature,  and  situated  in  the  stomach,  where  they  are  very  commonly 
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found  adhering  to  the  mucous  membrane,  or  even  coiled  in  nests  be- 
tween the  mucosa  and  submucosa.  In  the  latter  case  their  place  d 
lodgment  conmiunicates  by  an  aperture  in  the  mucosa  with  the  lumen 
of  flie  stomach. 

3.  Cestoda.  —  Adult  cestodes,  Tepresenting  many  genera  and 
species,  were  found  in  the  stomach  or  intestine,  usually  tiie  latter,  in 
all  the  selachians  examined  except  the  thrasher  shark.  Two  sped- 
liir^ens  of  this  shark  were  examined,  but  no  Entozoa  were  found  in  them. 
A  few  ^-^nly  of  the  marine  teliosts  harbor  adult  cestodes,  and  these,  with 
probably  ncJc^  more  than  two  exceptions,  belong  to  the  Dibothridffi. 
On  the  other  hancrH^  larval  forms  are  quite  widely  distributed  among  the 
teliosts.  In  most  cas^w^^ey  are  encysted  on  the  viscera  or  in  the  walls 
of  the  stomach  and  intestiV:Tje.  Favorite  positions  for  the  latter  are 
under  the  serous  coat  and  in  tn^  submucosa.  The  connective  tissue 
cyst  contains  a  plerocercus  in  whA.;^jj  ^^  lajYal  cestode  develops. 
These  cysts  occur  in  the  muscular  tissudv  ^  b^^  f^^  marine  fish.  Tie 
most  notable  exceptions  are  the  butter-fish,  >^>^ich  harbors  large  num- 
bers of  small  cysts  in  the  muscles,  and  the  gar,  j  ^^^^^  q^\^  ^^s  found 
to  be  infested  with  cestode  larvae  belongmg  to  the  ^^1^^  ^^^^  ^s  those 
which  infest  the  butter-fish.  ^ 

Tablb  showing  Distribution  of  Cestoda     ^ 
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Beside  the  encysted  forms,  larval  cestodes  belonging  to  the  Tetra- 
bothriidse  are  found  in  the  alimentary  canab  of  a  large  number  of 
teliosts,  and  in  the  cystic  ducts  of  a  few,  e.  jr.,  squeteague  and  flounder. 
These  forms  are  generally  recorded  under  tiie  name  Scolex  poly- 
morphus,  although  they  represent  more  than  one  species.  Their  ex- 
act history  has  not  been  worked  out.  Thev  seem  to  represent  larvse 
which  have  escaped  from  cysts,  probably  m  some  invertebrate  host 
or  hosts,  and  are  able  to  exist  for  some  time  in  the  alimentary  canal 
of  fishes  which  are  not  their  true  final  hosts.  In  this  way  they  may 
often  actually  live  in  a  series  of  intermediate  hosts  before  their  final 
lodgment  in  the  spiral  valve  of  a  shark  or  ray,  in  which  host  they  can 
develop  sexually  mature  proglottides. 

Characteristics  of  the  four  localities  are  difficult  to  express  briefly. 
Differences  between  Woods  Hole  and  Beaufort  pertain  mainly  to 
such  cases  as  that  of  the  toad-fish,  which  is  found  in  both  localities, 
but  which  habitually  harbors  an  encysted  stage  of  a  cestode  at  Beau- 
fort which  has  not  been  found  at  Woods  Hole. 

There  ?s  a  greater  contrast  between  the  cestode  fauna  of  the 
coral  reef  fishes  and  those  from  the  deeper  waters  near  by,  particu- 
larly in  Bermuda,  than  there  is  between  the  latter  and  those  found  in 
northern  waters.  The  explanation  of  this  seems  to  be  that  fishes 
which  live  habitually  in  the  shallow  water  of  the  reefs  have  less 
chance  to  become  infected  than  fishes  which  live  beyond  the  outer 
reef  where  sharks  abound.  The  low  percentage  of  fish  infected  by 
cestode  parasites  in  the  Bermuda  fishes  can  thus  be  accounted  for. 
A  large  proportion  of  the  fish  examined  in  Bermuda  came  from  the 
inner  reefs,  where  sharks  are  not  common.  The  larval  form,  Scolex 
polymorphtia,  found  in  33  per  cent  of  the  Woods  Hole  fishes,  and  in 
50  per  cent  of  the  Beaufort  fishes,  was  found  in  only  17  per  cent  of 
the  Tortugas  fishes,  and  in  but  6  per  cent  of  the  Bermuda  fishes. 

4.  Trematoda.  —  The  differences  presented  by  this  order  in  the 
four  localities  are  less  striking  than  those  of  the  othar  orders.  The 
examination  of  a  considerable  number  of  representatives  of  any 
species  of  fish  is  necessary  before  a  correct  idea  of  the  helminth 
fauna  which  it  harbors  can  be  gained.  This  applies  more  strongly, 
perhaps,  to  the  trematodes  than  to  the  other  orders.  There  is  reason 
to  believe  that  the  number  of  species  of  trematodes  is  greater  in  the 
southern  localities  than  it  is  in  the  northern,  although  the  tabulated 
results  given  below  do  not  appear  to  show  it.  Averages  of  the  Ber- 
muda collection  are  unsatisfactory  on  account  of  the  small  number 
of  individuals  of  the  several  species  of  fish  which  it  was  possible  to 
examine.  Since,  however,  there  are  many  species  of  fish  in  the  Ber- 
muda list  of  which  very  few,  or  only  one  example  was  available,  it  is 
probable  that  the  comparative  results  would  not  be  greatly  altered 
by  the  examination  of  proportionally  larger  numbers  of  individuab 
of  the  several  species. 
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Table  sHowiNa  Distributiok  of  Trematoda 


Locality. 

No.  of 
species  of 
fish  ex- 
amined. 

No.  of 

species  in 

which 

trema- 

toda 

were 

found. 

Per  cent 

of 
affected 
species. 

Average 
no.  of 
species  of 
t^matoda 
to  species 
of  affected 
fish. 

Remarks. 

Woods  Hole 
Beaufort     . 
Bennuda    . 
Tortugas    . 

121 
64    . 
52 
37 

70 
42 
29 
27 

67 
65 
56 
73 

2.31 
3.76 
1.51 
3.26 

Numerous  in  two 

species  of  fish. 
Numerous  in  nine 

species  of  fish. 
Many  in  one  sp^ 

cies  of  fish. 
Many  in  three  spe^ 

cies  of  fish. 

Entozoa  IN  Fish  of  Wide  Range 

In  order  to  keep  this  paper  within  prescribed  bounds  the  dis- 
cussion which  follows  will  be  confined  mainly  to  the  cestodes. 

The  toad-fish  (Opsanus  iau)  may  be  taken  to  represent  a  non- 
migratory  fish  of  extensive  range  as  a  species,  but  of  much  less  indi- 
vidual range. 

Entozoa  bbcobdsd  from  thb  ToAi>-FiaH 


Woods  Holb 


Dates 


Beaufobt 

Dates 

AscarU  habena 33 

Scolex  polymorphus 24 

Rhineboihrium  ap.  (cysts)  ...  34 
Bhynchobothrium  iumidulum 

(cysts) 3 

Otohothrium  crenacoUe  (cysts)  .  .  1 
Tetrarkynchus  biatdcatua  (cysts)  .  3 
Distomtmi  viteUosum  .....  6 
Diatomum  valdeir^flatum   ....     15 

Diatomum  aduncum 3 

Diatomum  ap 

Diatomumsp 

Distomum  ap 

Gaateroatomvm  ^acileaeena  .   .    . 
Monaatomum  vmaledtoardaii    .   .    1 

An  examination  of  these  lists  shows  that  a  characteristic  parasite 
of  the  toad-fish,  in  each  of  these  widely  separated  localides,  b  the 
nematode  Ascaris  habena,  and  another  is  the  trematode  Monostomum 
vinaledvxirdsii ;  the  former  being  relatively  more  abundant  in  the 
northern  locality,  and  the  latter  of  more  frequent  occurrence  at  the 

'Probably  introduced  with  the  food. 


Echinorhynchna  cuma  ^ 1 

Edhinorhynchua  agiUa  ^      .    .    .    .  1 

Echinorhynchua  fuaiformia  ^      .    .  1 

Aacaria  habena 45 

Rhynchohothrium   tumidulum 

(cysts) 3 

Diatomum  tenue 4 

Diatomum  ap 2 

Monoatomum  vinaiedwardaii  ...  7 

Scolex  polymorphua 1 

Diatomum  tomatum 1 

Diatomum  valdeif^flatum     ....  2 
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southern  station.  This  species  of  Monostomum  is  widely  distributed, 
having  been  found  at  Bermuda  in  Neommtvs  synagris  and  Ocyurua 
chrysurus,  and  in  the  latter  host  at  Tortugas.  The  encysted  cestode, 
Rhind)Gthnum  sp.,  is  very  abundant  and  of  frequent  occurrence  in 
the  toad-fish  of  Beaufort,  where  it  occurs  in  clusters  on  the  viscera, 
which  contain  so  many  larvae  that  reproduction  of  plerocerci  by  bud- 
ding is  suggested  but  has  not  been  proved.  This  parasite  has  not 
been  f  oundin  the  encysted  stage  in  any  fish  of  the  Woods  Hole  region. 
The  larval  forms,  called  for  convenience  Scolex  polymorphits,  are 
recorded  on  only  one  date  in  the  northern  locality,  while  they  were 
found  on  twenty-four  dates  in  the  southern  locality.  This  is  not  sig- 
nificant, however,  as  a  majoritv  of  the  examinations  were  made  in 
the  autunm  and  early  spnng  by  Vinal  N.  Edwards,  who  did  not 
always  note  minute  forms.  It  is  certain,  however,  if  such  an  obvious 
parasite  as  the  Rhinebothrium,  found  in  the  Beaufort  toad-fish,  had 
occurred  in  any  of  the  toad-fish  examined  by  him,  he  would  have 
noted  and  collected  them. 

The  tiger  shark  (Oaleocerdo  tigrimii)  furnishes  a  good  example 
of  a  fish  of  wide  individual  range.  Eight  specimens  of  this  shark 
have  been  examined  by  me  at  Woods  Hole,  and  one  at  the  Dry 
Tortugas. 

Entozoa  bboobdbd  fbom  thb  Tigbb  Shark 

Woods  Holb  Tobtuqas 

Dates 

Ascaris  hrevicapUata^  few  ....  2        ThysaiMcephalum  crismnnf  numerous 

Acanthocheilua  nidifeXf  few    ...  6        Rhifnchoboihrium  «p.,  few 

Orygmatobotkrium  patuumf  few  3        Rhlynchobothrium  $p.,  few 
Thysanocephcdum    crispumf     nu- 

rnerouB 8 

Monorygma  «p.,  few 1 

Tetrarhynchua  bicolor^  few     ...  4 

Cros8obothrium  anaustumf  few  .    .  1 

Synbothrium  JUicoUe  (cyst),  few    .  1 

The  remarkable  cestode,  Thysanocephalum,  was  found  in  each 
tiger  shark  examined.  In  each  instance  the  spiral  valve  contained 
large  numbers  of  adults,  and  free,  ripe  proglottides,  and  also  large 
numbers  of  intermediate  and  small  forms.  Furthermore  it  has  not 
been  found  in  any  other  host. 

It  is  to  be  noted  abo  that  the  other  species  on  the  list  occur  in 
relatively  small  numbers. 

It  may  be  a  matter  of  interest  to  some  that  the  Tortugas  shark, 
called  by  me  a  tiger  shark  (Fifth  Year  Book  of  the  Carnegie  InstUu- 
turn  of  Washington  J  p.  116),  was  identified  by  means  of  its  parasites. 
The  shark  was  captiired  on  June  2,  1906,  but  was  not  familiar  to  any 
one  then  in  the  laboratory.  The  spiral  valve  was  placed  in  formalin. 
Upon  my  arrival  at  the  laboratory,  June  28,  I  examined  the  spiral 
vdve  and  found  it  to  be  of  the  same  type  as  that  of  the  tiger  sharL 
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This,  however,  would  not  exclude  the  cub  sharks,  also  found  in  the 
Tortugas  waters.  The  peculiar  parasite,  T,  crisjmm,  was  found  in 
large  numbers  and  was  represented  by  large,  medium,  and  small 
individuals.  The  stomach  contents,  consbting  of  two  tin  cans,  one 
bottle,  one  large  shark-hook  with  swivel,  and  niunerous  fragments 
of  Palinurus,  abo  pointed  to  the  tiger  shark.  The  jaws  had  been 
preserved,  but  had  been  sent  to  Harvard  University.  I  have  lately 
received  a  communication  from  Professor  Samuel  Garman  in  whidi 
he  says  that  the  jaws  are  those  of  Oaleocerdo  tigrintis. 

It  is  evident  that  the  tiger  shark  finds  the  intermediate  host,  or 
hosts,  of  T.  crispum  throughout  the  year  and  over  a  large  range.  I 
have  found  a  larval  form  in  the  squid,  which  belongs  to  the  genus 
Thysanocephalum,  but  it  b  not  certain  that  it  belongs  to  thb  species. 

Distribution  of  Cestode  Species  in  Specific  Hosts 

As  a  rule  the  adult  stage  of  a  given  species  of  cestode  b  found  in 
only  a  few  closely  related  species,  in  some  cases,  apparently,  in  only 
one  species. 

The  following  examples,  so  far  as  at  present  known,  are  confined 
to  a  single  host. 

Parabitb.  Host. 

Calyptrobothrium  occiderUaie     ....  Tetranarche  occidenUdis. 

Calyptrobothrium  minus Tetranarche  occidentaUs. 

Crossobothrium  Ictdniatum Carcharis  liUoralU. 

Calliobothrium  eschrichtii Mtisteltts  canis. 

CaUioboihrium  verticilUUum Mustdus  canU, 

Rhynchobothrium  bidbifer Muaidus  canis, 

Thysanocephalum  crispum Galeocerdo  ligrintu, 

Thb  list  could  be  extended  by  including  examples  taken  from 
hosts  of  which  only  one,  or  a  very  few,  individuab  were  examined. 
The  above  cases  are  based  on  a  si^cient  number  of  examinations  to 
make  them  of  some  significance. 

On  the  other  hand,  there  are  a  few  cestodes  which  are  found  in 
the  advU  stage  in  more  than  one  host,  e.  g,,  Rhynchobothrium  imparir 
spine  seems  to  find  a  congenial  habitat  in  any  of  the  northern  rays, 
and  apparently  in  the  spiny  dog-fish. 

Conversely,  it  may  be  stated  as  a  rule  that  the  encysted  stage  of  a 
given  species  of  cestode  infests  more  than  one,  often  many,  specific 
hosts.  Thus  Rhynchobothrium  imparispine  has  been  found  encpted 
in  24  species  of  fish  in  the  Woods  Hole  region;  R.  speciosum,  in  23 
species  of  fish  at  Woods  Hole,  in  3  at  Beaun>rt,  in  5  at  Bermuda,  and 
in  5  at  Tortugas;  Tetrarhynchus  bisulcatus,  in  18  species  of  fish  at 
Woods  Hole,  in  22  at  Beaufort,  and  in  2  at  Bermuda. 

The  most  noteworthy  example  of  wide  dbtribution  b  that  of 
Otobothrium  crenacoUe.    Thb  species  was  first  described  from  adult 
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specimens  found  in  the  spiral  valve  of  the  hammer-head  shark 
{Spkyma  zygcsna),  at  Woods  Hole.  The  adult  has  since  been  found 
in  the  sharp^nosed  shark  (Scoliodon  terrte-novcB),  at  Beaufort,  and  in 
the  cub  shark  (Carcharhinua  jdatyodon),  at  Tortugas.  The  encysted 
stage  has  been  found  in  3  Bermuda  fishes,  in  9  Woods  Hole  fishes, 
and  in  13  Beaufort  fishes.  In  all  these,  with  one  exception,  the  cysts 
occur  on  the  viscera  or  in  the  walls  of  the  stomach  and  intestine. 
The  exception  is  the  butter-fish  {Poronoius  triacarUhus),  in  the  ma- 
jority of  the  larger  individuab  of  which  the  cysts  occur  in  the  flesh, 
often  in  vast  numbers. 


EnTOZOA  of  CX08ELY  BELATED  SpECIES 

The  Entozoa  ol  closely  related  hosts  are  usually  much  alike,  even 
when  the  several  hosts  have  a  dissimilar  geographical  range. 

This  may  be  illustrated  by  comparing  lists  of  Entozoa  recorded 
from  the  northern  and  the  southern  sting  rays. 


Entozoa  from  DasycMa  cenJtrwrcL, 
Woods  Holb 


Immature  ascarids  *     .    . 
Anthobothrium  pidvinatum 
Paramenia  medusia  .    .    . 
Spangiobotkrium  variabUe 
KhinehothHum  flexiU  .    . 
Rhinebothrium  canceUatum 
PhyUobothrium  folicUum 
Anthocephalum  gracile 
Lecanicephalum  peitaium 
Orygmatobothrium  crentdatum 
Acanihobothrium  paulum    . 
Onchobothrium  uncinaium  . 
Rhynchobothriitm  hispidum 
Rkynchobothrium  tenuispine 
Rkynchobothrium  longispine 
Rkynchobothrium  wagneri  . 
Rkynchobothrium  imparispine 
Rkynchobothrium  sp.  .    . 
Tetrabothrium  tenuis   .    . 
Tetrarkynchus  robuatus  . 
Synboihrium  ftUcoUe    .    . 
Cysts 


Dates 

3 
12 
12 
10 

4 

1 
16 

4 

6 

2 

7 

2 

9 

8 

2 

1 

1 

1 

3 

4 

2 
18 


Entozoa  from  DasyaHs  Bay, 
Beaufort 

Dates 


Eckinorhynchus  pristua 
Echeneibotkrium  av.  . 
Anthobothrium  piuvinatum 
Rhin^thrium  flexHe  .  . 
Rhinebothrium  sp,  .    .    . 
Spongiobothrium  variabile 
ParcUcmia  medusia    .    . 
PhyUobothrium  foliatum 
Anthocephalum  gracile  . 
Lecanicephalum  peUatum 
Onchobothrium  uncinaium 
Acanthobothrium  paulum  . 
Rkynchobothrium  hispidum 
Rmfnchobotkrium  tenuispine 
Rkynchobotkrium  tumidmum 
Rkynchobothrium  sp,     .    .    . 

Cysts 

Distomum  viteUosum  ^   .   .   . 


1 
1 
10 
1 
5 
2 
4 
3 
4 
3 
7 
4 
5 
3 
1 
1 
1 
1 


Entozoa  from  one  Sting  Ray,  Tortugas 


Spongiobothrium  variabUe 
Kkinebothrium  flexile 
Rkinebotkrium  sp. 
Antkobotkrium  gracile 
PhyUobothrium  foliatum 


Aoanthobotkrium  hrevissime  • 
Rkynckobotkrium  binuncum  * 
Rkynchobothrium  sv.  * 
Synboihrium  filicoUe 


*  Probably  introduced  with  the  food. 

*  Described  in  Publication  Carnegie  Institution  102,  1008. 


Digitized  by 


Google 


696       Vn.   INTERNATIONAL  ZOOLOGICAL  CONGRESS 

Rhirubothrium  sp.  from  the  Tortugas  ray  is  the  same  species  as 
Rhinebothrium  sp.  from  the  Beaufort  rays. 

The  two  species  of  Rhynchobothrium  from  the  Tortugas  speci- 
men are  new. 

The  specimens  of  Onchobothrium  uncinaium  in  the  Woods  Hole 
list  were  described  from  specimens  sent  to  me  from  the  United  States 
National  Museum,  and  may  have  come  from  the  southern  ray. 

There  are  11  species  of  cestodes  common  to  the  northern  sting 
ray  (Dasyatis  cerUrura)  of  the  Woods  Hole  region,  and  the  southern 
sting  ray  (Dasyatis  say)  of  Beaufort.  In  the  single  sting  ray  (Dasy- 
atis  say)  examined  at  Tortugas,  9  species  of  cestode  were  found.  Of 
these  5  are  found  on  the  Woods  Hole  list  and  5  on  the  Beaufort  list 
The  3  species  not  found  either  on  the  Woods  Hole  or  the  Beaufort 
list  are  new  to  science. 


Principles  of  Distribution 

The  wide  distribution  of  the  encysted  stage  of  a  species  as  com- 
pared with  the  distribution  of  the  adult  stage,  is  made  possible,  first, 
by  the  dissemination  of  free  segments  and  ova,  and  second,  by  the 
comparative  uniformity  of  conditions  to  which  larval  and  encysted 
forms  are  subjected,  especially  after  they  have  come  to  rest  in  the 
tissues  of  their  intermediate  hosts.  If  a  cestode  could  develop  in 
but  one  intermediate  host,  its  chances  of  continued  existence  as  a 
species  would  be  much  less  than  they  would  be  if  it  found  kindly 
toleration  in  the  tissues  of  several  hosts,  as  no  selachian  depends  on 
one  species  for  its  food. 

The  restriction  of  the  adult  stages  to  a  few  closely  related  species 
has  a  probable  explanation  in  the  physiology  of  the  digestive  processes 
rather  than  in  the  food  habits  of  the  hosts.  Thus  the  foo4  of  the  dusky 
shark  and  that  of  the  sand  shark  is  much  alike,  while  their  entozoa 
are  very  different. 

Differences  shown  by  a  comparison  of  the  Entozoa  of  the  same 
species  of  fish  in  different  localities  are  probably  due  to  the  limits  in 
geographical  distribution  of  intermediate  hosts. 

It  is  harder  to  explain  such  cases  as  the  restriction  of  such  forms 
as  Crossobothrium  laciniatum  to  the  sand  shark,  and  of  Thysano- 
cephalum  crispum  to  the  tiger  shark,  or  the  genus  Calyptrobothrium 
to  the  torpedo,  although  here  again  the  explanation  is  to  be  expected 
rather  in  an  understanding  of  their  adaptation  to  certain  digestive 
processes  than  in  an  acquaintance  with  their  life  history. 

Why  the  selachians  should  harbor  such  a  great  variety  of  adult 
cestode  forms  and  the  teliosts  so  few  is  also  an  interesting  subject 
for  inquiry. 
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THE  CUBAN  BLIND  FISHES* 
CARL  H.  EIGENMANN 

Under  the  ecology  of  the  Cuban  blind  fishes  I  mean  to  include 
their  origin,  the  nature  of  their  habitat  and  their  adaptation  to  it. 

There  are  two  species  of  fresh-water  blind  fishes  in  Cuba,  —  Luci- 
fuga  svbterranetis  and  Stygicola  dentaius.  They  belong  to  the  marine 
family  of  Brotulidae,  and  are  the  only  fresh-water  members  of  that 
family.  Stygicola  has  been  taken  from  Matanzas  and  Alacranes  on 
the  east,  to  Canas  on  the  west,  on  both  slopes  of  Cuba.  Lucifuga 
has  been  taken  only  west  of  Havana,  on  the  southern  slopes. 

The  region  in  which  they  occur  b  almost  entirely  drained  by 
streams  that  first  run  above  ground,  then  enter  the  ground  and  re- 
appear near  the  coast  line.  In  the  area  in  which  3iey  have  been 
taken  the  soil  is  extremely  thin,  in  places  confined  to  pockets  in  the 
underlying  coral  reef.  The  subterranean  streams  run  near  the  sur- 
face and  usually  cannot  be  approached,  but  over  the  area  are  numer- 
ous so-called  caves,  which  vary  from  small  cracks  to  large  cbtem 
or  jug  shaped  cavities.  These  contain  ground  water,  and  in  them  the 
fishes  are  found. 

The  water  in  these  caves  has  risen,  for  stalagmites  rise  out  of  the 
water  in  practically  all  of  them.  Water  fills  the  channels  connecting 
these  caves. 

Some  of  the  caves  are  weU  lighted ;  others  are  dark,  and  others 
are  partially  lighted.  The  water  in  them  is  warm,  70°  Fahrenheit, 
very  transparent,  and  supersaturated  with  lime  so  that  a  crust  usually 
forms  over  the  surface  of  the  water  where  it  is  undisturbed  by  man. 
The  fluctuation  in  the  water  b  but  slight  uoder  ordinary  changes  of 
season  and  weather. 

The  biological  environment  is  simple:  frogs  may  come  into  the 
opener  caves  to  spawn,  dragon  flies  may  lay  their  eggs  in  the  more 
open  caves,  a  crab  b  not  infrequent.  The  most  constant  associates 
are  a  blind  shrimp,  a  blind  isopod  and  possibly  a  blind  amphipod. 
In  a  few  of  the  opener  caves  a  Poeciliid  b  abo  found.  A  parasitic  flat 
worm  is  the  only  enemy  known. 

Rarely  b  the  habitat  so  open  that  green  plants  grow  in  the  water, 
but  a  Ficus  usually  grows  in  the  neighborhood  and  sends  long  roots 
through  the  water,  where  it  breaks  up  into  innumerable  rootlets, 
among  which  young  fishes  are  frequently  found. 

>  For  a  full  account  see  PMicaHans  qf  the  Carnegie  InetUuUon,  No.  104. 


Digitized  by 


Google 


698     vn.    INTERNATIONAL  ZOOLOGICAL   CONGRESS 

In  color  they  diflfer  from  other  cave  vertebrates,  which  are  usually 
pink.  Some  approach  this  color,  but  others  are  dark  steel  blue,  and 
many  more  are  intermediate  between  the  two  extremes.  They  are 
negatively  heliotropic  and  respond  positively  to  food.  Consequendy 
there  are  few  or  no  fishes  in  remote  dark  caves  to  which  outside 
material  penetrates  with  difficulty,  and  in  those  "caves"  perfecdy 
open  there  are  none  at  all. 

In  caves  into  which  a  shaft  of  light  enters  along  the  path  by  which 
food  comes  in  the  fishes  are  most  abundant  in  the  twilight  about  the 
entering  shaft  of  light. 

The  fishes  are  very  sensitive  to  cold.  They  are  viviparous.  The 
spermatozoa  are  transferred  to  the  female  weeks  or  months  before 
the  eggs  matiure.  The  latter  reach  possibly  1  mm.  in  diameter. 
From  1  to  15  young  have  been  found  in  one  ovary.  Lucifuga  breeds 
in  accessible  places,  but  Stygicola  probably  usually  retires  to  remote 
places.  Few  female  Stygicolas  with  young  and  no  young  fishes  have 
been  taken.  The  breeding  season  extends  over  long  periods;  possi- 
bly breeding  individuals  may  be  found  throughout  the  year. 

The  young  are  about  20  mm.  long  at  birth. 

The  eyes  of  the  young  fishes,  from  12-20  mm.,  are  comparatively 
well-formed  and  movable.  Notable  is  the  large  sclera  in  Lucifuga, 
the  size  of  which  is  self-determining  and  not  dependent  on  the  struc- 
ture of  the  much  smaller  eye. 

After  birth  the  eyes  rapidly  degenerate,  the  sclera  and  lens  going 
first.  The  degeneration  may  be  introduced  by  disturbances  in  the 
blood  supply.  It  proceeds  in  one  of  two  ways,  —  either  the  eye  as  a 
whole  may  shrink,  or  the  pigmented  layer  may  become  separated 
from  the  rest  of  the  retina  and  greatly  distended.  Opposite  sides 
of  the  same  fish  may  show  the  two  different  methods.  Pari  passu 
with  the  dwindling  of  the  eye  pigment  masses  appear  in  the  optic 
cavity.    In  extreme  old  age  all  semblance  to  an  eye  may  be  lacking. 
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GEOGRAPHICAL  VARIATION  IN  BIRDS  WITH 
SPECIAL  REFERENCE  TO  HUMIDITY 

(Abstract) 

C.  WILLIAM  BEEBE 

I  OFFER  the  results  of  these  experiments  on  living  birds  as  a  pre- 
liminary contribution  toward  exact  knowledge  of  the  causes  of  the 
colors  of  birds  as  they  exbt  in  nature  and  especially  what  is  known 
as  geographic  variation  —  both  specific  and  subspecific.  It  has  long 
been  Imown  that  mammab,  birdis  and  reptiles  inhabiting  moist  and 
humid  regions  show  a  much  darker  or  increased  pigmentation  of  the 
hair,  feathers  or  scales  than  individuals  from  dryer  localities.  Up 
to  the  present,  data  has  been  lacking  as  to  the  actual  cause  of  this 
difference  or  Uie  time  necessary  to  produce  it.  A  recent  discussion 
in  ''Science"  on  barriers  and  bolation  shows  how  little  we  know  of 
these  phenomena. 

My  experiments  have  been  carried  out  upon  three  species  of  birds. 
In  the  spnng  of  1902  three  yoimg  Wood  Thrushes  (Hylocichla  mvstC' 
Una)  were  taken  from  the  nest  and  reared  by  hand.  One  which  was 
kept  outdoors  under  normal  conditions  is  alive  to-day  and  in  per- 
fecdy  normal  plumage.  Another  was  kept  in  a  super-humid  atmos- 
phere and  was  accidentally  killed  while  partly  through  its  third  annual 
moult.  It  b  remarkably  changed  in  appearance,  especially  as  to 
the  markings  of  the  feathers  on  the  breast,  where  the  ordinary  cir- 
cular spots  have  increased  in  size  imtil  in  places  they  have  become 
almost  confluent.  There  is  litde  variation  amone  Wood  Thrushes 
in  a  state  of  nature,  although  the  breast  spots  of  birds  from  south 
Mexico  and  Guatemala  are  so  large  and  niunerpus  that  Bonaparte 
in  1853  gave  them  the  name  of  densiu. 

Passing  without  further  comment  to  another  species  experimented 
upon,  the  White-throated  Sparrow  (Zonotrichia  albicollis),  b  a  bird 
wnich,  when  wild,  shows  no  geographical  variation.  Two  male  birds 
of  the  year  were  trapped  in  the  same  cage  from  the  same  flock,  October 
2, 1901,  both  being  in  normal  pliunage.  One  was  confined  in  an  out- 
door flying  cage,  me  other  in  the  super-humid  atmosphere  of  the  ex- 
perimental enclosure.  In  May,  1902,  no  difference  could  be  observed 
between  the  two,  but  in  May,  1903,  a  radical  change  had  taken  place 
in  the  bird  in  the  humid  atmosphere.  The  general  effect  was  much 
as  in  the  yellow  phase  of  the  Undulated  Grass  Parrakeet  {Melopsitr 
tacua  undvlatud),  except  that  in  the  case  of  Zonotrichia  it  was  a  veil 
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of  darkness  which  had  been  drawn  over  the  normal  markings.  In 
October,  1904,  after  the  completion  of  the  annual  moult,  both  birds 
were  chloroformed  and  skinned.  In  the  melanistic  individual  there 
is  a  considerable  increase  of  all  black  and  rufous  markings,  with  a 
correlated  obliteration  of  buff,  gray,  white  and  yeUow.  The  gray  of 
the  breast  remains  ahnost  unchanged,  but  there  has  appeared  in  this 
region  a  number  of  broad  streaks  of  dark  brown,  almost  black,  which 
at  the  posterior  edge  of  the  ffray  area  become  confluent  to  form  a 
large  pectoral  spot.  In  the  Hving  bird,  these  streaks  and  pectoral 
mark  were  much  more  noticeable  than  they  are  in  the  skin.  These 
are  interesting  as  perhaps  bein^  correlated  with  the  similar  markings 
of  the  inmiature  nrst  winter  plumage. 

The  last  species  I  shall  mention  is  the  Inca  Dove  (Scardafdla 
inca).  This  genus  ranges  from  Arizona  to  Bahia,  Brazil,  and  is 
divided  into  two  species,  inca  and  ridgwayi,  and  a  subspedfic  form 
dideucos,  based  on  a  single  individual  horn  Nicaragua.  Inca  is 
pale  colored  with  indistinct  bars,  and  is  foimd  from  Arizona  to 
Nicaragua;  ridgwayi,  with  more  distinct  coloring,  darker  bars  and 
clearer  white,  extends  from  Venezuela  to  Brazil.  There  is  thus  a 
considerable  geographical  hiatus  between  the  two.  Detailed  meas- 
urements of  me  rufous  and  white  in  wing  and  tail  feathers,  of  fifty 
specimens,  show  there  b  a  faurly  imiform  gradation  from  northern  to 
tropical  individuals. 

A  brief  summary  of  the  effect  of  a  high  degree  of  humidity,  with 
an  average  of  about  eighty-four  degrees,  on  Scardafella  inca,  is  as 
follows : 

When  typical  specimens  of  this  species  are  confined  in  the  super- 
himiid  atmosphere,  a  radical  chanffe  m  the  pigmentation  of  the  plum- 
age takes  place  with  each  succeeding  annual  moult 

A  change,  apparendy  similar  in  extent  and  direction,  results  ht>m 
an  artificially  induced  monthly  renewal  of  the  feathers. 

The  change  after  the  first  annual  moult  brings  the  bird  dose  to 
the  Scardafem  inca  dialettcos  type. 

At  the  second  annual  moiut  the  plumage  usually  approximates 
either  the  Brazilian  type  or  the  t^ical  S.  ridawayi,  the  succeeding 
changes  beinff  unrepresented  by  wild  spedes  of  the  genus. 

IntrinsicaUy,  the  change  is  at  first  a  segregation  and  intensifica- 
tion of  the  melanin,  resulting  in  a  clearing  up  and  extension  of  the 
white  or  whitish  areas. 

A  period  of  equilibrium  later  ensues,  until  the  increase  of  melanin 
is  such  that  it  begins  to  encroach  upon  the  white  areas,  this  continu- 
ing until  all  trace  of  white  has  disappeared. 

Coincident  with  this  intense  blackening  of  the  plumase  part  of 
the  epidermis  occurs  an  increase  of  pigment  in  the  choroid  coat  ot 
the  eye. 

When  the  concentration  of  the  melanin  has  reached  a  certain 
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stage,  a  change  in  color  occurs,  from  dull  dark  brown  or  black,  to  a 
brilliant  iridescent  bronze  or  green. 

This  iridescence  reaches  its  highest  development  on  the  wing 
coverts  and  inner  secondaries,  where  in  many  genera  of  tropical  and 
subtropical  doves  iridescence  most  often  occurs. 

All  these  changes  take  place  by  continuous  variations,  and  there 
is  no  change  of  color  without  moult. 

These  birds  are  to  all  intents  and  purposes  good  ontogenetic 
species,  but  whether  these  acquired  characters  are  inherited  or  not 
is  a  phase  of  the  experiments  not  yet  reached. 

As  to  the  relation  of  the  effects  of  these  experiments  to  taxonomy, 
there  is  of  course  not  the  slightest  reason  for  doing  away  with  the  full 
specific  value  of  the  two  types  of  wild  Scardafella,  provided  they 
do  not  actually  intergrade.  My  ontogenetic  species  are  of  value  only 
to  evolutionary  science. 

Comparing  my  results  with  Professor  Whitman's  theory  in  regard 
to  the  evolution  of  bars  and  checkers,  they  support  his  orthogenetic 
theory  in  so  far  as  the  recapitulation  follows  along  the  same  lines 
(1)  as  in  related  genera  of  doves,  and  (2)  in  the  identity  of  the  de- 
taUs  of  the  change  in  several  individuals.  This  indicates  that  the 
humidity-induced  variation  is  neither  fortuitous  nor  directionless. 
The  results  seem,  however,  to  offer  an  exception  to  his  theory  that 
"the  direction  of  evolution  can  never  be  reversed.*' 

The  most  interesting  and  siiznificant  result  obtained  b  the  fact 
that  such  radical  changes,  specinc  and  almost  generic  in  extent,  can 
be  brought  about,  not  during  the  course  of  several  generations,  but 
in  the  lifetime  of  a  single  individual.  When  we  remember  with  this 
the  case  of  Darwin's  Porto  Santo  rabbits,  we  can  readily  imagine 
'radical  evolution  taking  place  in  extremely  short  periods  of  time, 
and  yet  by  means  of  continuous  variations. 

The  value  of  a  sudden  acquiring  of  dark  plumage  to  a  wild  species 
of  bird  can  vividly  be  realized,  and  the  possibility  of  such  a  phenom- 
enon adds  considerable  strwgth  to  the  theory  of  organic  selection. 
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LES   ECHANGES    DE    FAUNES    ENTRE    L'EUROPE    ET 
UAMERIQUE  DU  NORD  AUX  TEMPS  GEOLOGIQUES 

(Address) 

C.  DEPfiRET 

Depuis  longtemps  d^ja,  les  pal^ntologistes  savent  que,  a  diverses 
^poques  des  temps  Primaires,  Secondaires  et  Tertiaires,  des  con- 
nexions continentales  ^tablies  entre  TAm^rique  du  Nord  et  TEurope, 
sur  remplaeement  de  TAtlantique  septentrional,  ont  pennis  a  quel- 
ques  types  d'animaux  terrestres  d'^migrer  de  Tune  a  Fautre  de  ces 
deux  contr^.  C'est  ainsi  que,  dfes  la  fin  de  T^poque  Primaire, 
plusieurs  genres  d'Amphibiens  st^goc^phales  se  rencontrent  des  deux 
c6t^s  de  TAtlantique.  De  m^me,  a  T^poque  Secondaire,  quelques 
types  de  Croeodiliens  et  de  Dinosauriens  existent  a  la  fois  dans  les 
deux  Mondes.  Enfin  les  eonununications  entre  TEurope  et  TAm^rique 
sont  ^tablies  avec  certitude  k  plusieurs  ^poques  des  tempw  Tertiaires, 
notamment  pendant  TEocfene  inf^rieur  et  la  premifere  moiti^  de 
rOligoc^ne.  Ces  diverses  migrations  ont  d^ja  donn^  lieu  a  d'im- 
portants  travaux,  parmi  lesqueb  ceux  des  pal^ntologistes  am^ricains, 
Osbom  et  Matthew,  tiennent  une  place  de  tout  premier  oidre. 


Pour  interpreter  ces  faits  avec  plus  de  precision,  il  est  indispensable 
de  Jeter  d'abord  un  coup  d'ceil  d'ensemble  sur  la  repartition  des  con- 
tinents et  des  mers  k  ces  diff^rentes  ^poques. 

A  la  fin  du  Primaire,  par  suite  des  importants  ph^nom^es  de 
plissements  qui  caract^risent  les  ^poques  Precambrienne,  Siliuienne 
et  Carboniftre,  nous  voyons  se  dessiner  nettement  Texistence  de  deux 
masses  continentales  allong^es  de  TEst  a  I'Ouest,  en  sens  inverse  des 
grands  continents  actuels :  1°  Une  masse  borSale  comprenant  le  Nord 
de  TAmerique,  le  Groenland,  la  region  de  TAtlantique  Nord,  les  lies 
Britanniques,  la  Scandinavie,  la  Russie  jusqu'k  lOural;  puis,  au 
de  la  d'un  bras  de  mer  ouralien,  une  terre  asiatique,  le  carUinenl 
d' Angara  d'Edouard  Suess. 
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2^  Une  masse  australe,  allant  de  rAiistralie  a  Tlnde  p^ninsulaier 
et  k  TAfrique  du  Sud,  et  prolong^  k  travers  TAtlantique  jusqu'k 
TAm^rique  m^ridionale:  c'est  le  grand  continent  de  Gimdwana. 

Entre  ces  deux  masses,  se  place  un  vaste  bras  de  mer  allant  de 
FAm^rique  centrale  a  rindo-Chine,  par  le  golfe  du  Mexique,  TAtr 
lantique  Central  et  la  M^iterran^,  suivant  une  direction  presque 
^uatoriale:  c'est  la'  grande  Mediterranee  centrale  de  Neumayr,  la 
ThSthys  d'Ed.  Suess,  la  MSsogee  de  quelques  pal^g^graphes 
modemes. 

Nous  n'aurons  k  nous  occuper  ici  que  du  continent  bor^l  et  a 
suivre  ses  vicissitudes  k  travers  Thistoire  de  la  Terre.  La  consolida- 
tion de  ce  continent  a  d^but^  de  tr^  bonne  heure,  dhs  avant  F^poque 
Cambrienne,  par  trois  grands  horsts  ou  piliers  solides,  auxquels 
rillustre  maltre  de  T^cole  viennoise  a  donnJ  le  nom  pittoresque  de 
Boucliers:  le  Bovclier  canadien,  le  Bottdier  finruHfcandinave,  le 
Bouclier  sinosiberien.  Les  plissements  des  ^poques  postcambri- 
ennes  sont  eu  pour  effet  de  souder  ces  trois  ties  primitives  tant6t 
en  une  masse  unique,  tant6t  en  deux  masses.  Dans  ce  dernier  cas, 
rile  m^diane  ou  eiirop^nne  se  r^unit  k  certains  moments  au  continent 
am^ricain,  mais  plus  fr6quemment  encore  au  continent  asiatique. 

Ces  donn^  g^^rales  permettent  d'aborder  avec  fruit  Thistoire 
des  migrations  d'animaux  terrestres  entre  les  trois  masses  con- 
tinentales  du  Nord.  Toutefois  cette  histoire  se  trouvera  encore 
obscure  en  beaucoup  de  points  par  la  lacune  presque  complete  de 
nos  connaissances  pal^ntologiques  relatives  au  contment  d'Asie.  D 
n'en  est  pas  heureusement  de  m6me  entre  TEurope  et  TAm^que  du 
Nord. 

n 

Dhs  la  fin  des  temps  Primaires,  la  repartition  g^graphique  de 


trionales.  Parmi  les  formes  salamandroides  de  la  famiUe  des  Micro- 
sauriens,  les  genres  Lepterpeton  et  Keraterpeton  se  rencontrent  a  la 
fois  dans  les  couches  houili^res  de  TOhio,  de  I'lrlande  et  dans  les 
charbons  k  gaz  du  Permien  inf^rieur  de  Bohfeme.  Le  genre  Hylono- 
mus,  du  Houiller  de  la  Nouvelle-Ecosse,  passe  sous  une  forme  a 
peine  modifi^  dans  le  Permien  de  Nyram  en  Boh^e.  Un  type 
iacertiforme  de  plus  grande  taille,  le  Dendrerpeton,  a  ^t^  renconta^ 
dans  les  charbons  k  gaz  de  Nyram  et  dans  les  troncs  d'arbre  creux 
des  for^ts  houill^res  de  la  Nouvelle-Ecosse.  Enfin  la  presence  dans 
le  Permien  de  Boh^me  et  du  Texas  de  F^trange  Naosaurus,  Rhyn- 
choc^phalien  d'habitat  terrestre,  atteste  plus  clairement  encore  ces 
migrations.    On  ne  saurait  douter,  par  I'ensemble  de  ces  faits,  de  la 
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facility  des  relations  gtogra^^ques  existant  k  cette  ^poque  entre  les 
deux  Mondes. 

Les  mtoe  relations  paraissent  avoir  persists  encore  pendant  le 
Trias,  comme  le  montre  la  d^ouvert^  d'un  Crocodilien  primitif  du 
Keuper  de  Souabe,  le  Belodon,  dans  le  Trias  de  la  Caroline  du  Nord 
et  du  Connecticut.  '  Le  Trias  de  cette  demifere  region  a  encore  foumi, , 
selon  Russel,  des  restes  de  deux  Dinosauriens  Th^ropodes  du  Keuper 
europ^en,  les  Palseosaurus  et  Thecodontosaurus.  Chi  peut  ajouter  a 
ces  types  communs  aux  deux  Mondes,  le  genre  Tanystrophseus, 
Dinosaurien  de  la  famille  des  Caelurid^s,  qui  se  retrouve  identique 
dans  le  Muschelkalk  de  Bayreuth  et  dans  le  Trias  du  Nouveau- 
Mexique. 

Mais  a  partir  du  Lias,  un  bras  de  mer  ^tendu  de  la  Mer  du  Nord 
a  rOc^n  arctique,  entre  la  Scandinavie  et  Tlslande,  s^pare  a  nouveau 
I'Am^rique  de  TEurope;  tandis  que,  par  une  sorte  de  balancement 
inverse,  le  continent  finno-scandinave  se  sonde  a  TAsie  par  la  region 
de  rOural.  Les  changes  de  faunes  terrestres  se  trouvent  alors  inter- 
rompues  du  fait  de  ces  conditions  pal^g^graphiques  nouvelles  qui 
paraissent  s'^tre  assez  peu  modifi6es  pendant  la  dur^  entire  des 
temps  Secondaires. 

Cependant  un  certain  nombre  de  faits  pal^ntologiques  plaident 
en  faveur  d'une  reprise  partielle  des  communications  a  certains  mo- 
ments des  ^poques  Jurassique  et  Cr^tac^.  Dans  le  groupe  des 
Dinosauriens  carnivores,  le  Megalosaurus,  qui  a  v^u  en  Europe  du 
Bathonien  au  Cr^tac^,  se  retrouve  sous  une  forme  presque  identique 
dans  TAllosaurus  du  Jurassique  sup^rieur  du  Colorado,  et  le  m^me 
type  se  poursuit  un  peu  modifi^  dans  le  Lselaps  ou  Dryptosaurus  de 
la  Craie  sup^rieure  du  New  Jersey  et  du  Montana.  Le  genre  Cselurus, 
type  des  lagers  et  agiles  Caeluridds,  est  repr^sent^  en  Europe  par 
rAristosuchus  de  Ttle  de  Wight.  Parmi  les  lourds  Sauropodes,  le 
Morosaurus  am^ricain  comprend,  d'apr^s  Marsh,  une  espfece  du 
Wealdien  d'Angleterre  (Morosaurtis  becklesi),  et  compte  un  parent 
trfes  rapproch^  dans  TOrnithopsis  de  File  de  Wight.  Dans  les  St^ 
gosaurid^s,  a  la  puissante  armure  dermique,  le  genre  Stegosaurus  est 
identique  a  rOmosaurus  du  kimm^ridgien  d'Angleterre.  Enfin  il 
n'est  peut-^tre  pas  jusqu'aux  Dinosauriens  comus  du  groupe  des 
C^ratopsides,  si  brillanament  repr^sent^  dans  le  Cr^tac^  sup^rieur  des 
Montagnes-Rocheuses  par  les  ^tranges  Ceratops  et  Triceratops,  qui 
ne  compte  en  Europe  des  formes  au  moins  affines  dans  le  Strutiiio- 
saurus  et  le  Nodosaurus  (Hoplosaurus),  du  Cr^tac^  sup^rieur  de  Neue 
Welt  prfes  de  Vienne.  Je  ne  doute  pas  non  plus  que  le  groupe  entier 
des  Pt^rosauriens,  qui  debute  de  tris  bonne  heure  dfes  le  Rh^tien  de 
Souabe,  n'ait  ^migr^  en  Am^rique  dans  le  Jurassique  sup^rieur  du 
Colorado. 

On  peut  conclure  vraisemblablement  de  Tensemble  des  faits  pr^ 
dtis,  que  des  migrations  ont  du  s'^tablir  entre  TEurope  et  TAm^rique, 
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du  Nord,  k  trois  ^poques  diff^rentes  du  temps  Secondaires :  une  pre- 
miere fois  avec  le  Tnas,  une  deuxi^me  avee  le  Jurassique  sup^rieur 
et  le  d^but  du  Cr^tae^,  une  demifere  avee  la  fin  du  temps  Cr^tacfe 
sup^rieurs. 

Dans  r^tat  actuel  de  nos  connaissances,  on  peut  admettre  que 
TEurope  a  foumi  a  TAm^rique,  comme  groupes  importants,  les 
M^galosaurid^,  les  Pt^rosauriens,  et  probablement  les  Sauropodes, 
tandis  qu'elle  recevait  en  ^change  les  Ccelurid&,  les  St^gosauriens  et 
peut-^tre  les  C^ratopsides. 


in 

Mieux  encore  qu'aux  temps  Secondaires,  T^tude  des  ph^nom^nes 
de  migration  entre  TEurope  et  TAm^rique  du  Nord  devient  int^res- 
sante  et  praise  k  T^pOque  Tertiaire,  grace  au  d^veloppement  remar- 
quable  des  Mammiftres  terrestres. 

Des  TEoc^ne  le  plus  inf^rieur,  dans  T^tage  Than^tien  ou  Lan- 
d^nien  inf^rieur,  les  gisements  de  Cemay  et  de  Toirejon  nous  mon- 
trent  des  Changes  de  faune  entre  la  France  et  le  Nouveau-Mexique. 
Le  genre  Neoplagiaulax  repr^ente,  des  deux  c6t&  de  TAtlantique, 
le  demier  survivant  de  Tordre  des  Multitubercul^,  si  florissant  en 
Europe  du  Rh^tien  au  Purbeck,  en  Am^rique  du  Jurassique  aux 
couches  de  Laramie.  Parmi  les  Camassiers  Cr^odontes,  le  genre 
Ctenodon  am^ricain  est  identique,  comme  Fa  d^ja  sugg^r^  M. 
Matthew,  a  TArctocyonides  de  Cemay,  different  de  rArctocyon  par 
ses  molaires  a  structure  bunodonte  un  peu  plus  simple.  Dans  le 
m^me  groupe,  le  Dissacus  d'Am^rique  est  trfes  exactement  repr^sent^ 
dr  le  Dissacus  europeeus  de  Cemay,  auquel  il  faudra,  je  crois  r^unir 
I'Hyeenodictis  du  m^me  gisement.  Le  Procynictis  remensu  de  Cemay 
repr^sente  a  mon  avis  en  Europe  la  famille  des  Oxycl^nidfe,  sous  une 
forme  au  moins  trfes-voisine  du  Chriacus  de  Torrejon.  Enfin  les 
Ongul^s  primitifs  de  Tordre  des  Condylarthrfe  se  sont  r^pandus 
jusqu'en  Europe  avec  le  Plesiphenacodus  de  Cemay,  et  mon  savant 
ami  le  Dr.  Stehlin  vient  de  reconnaltre  dans  le  Than^tien  de  Belgique, 
k  Orsmael,  la  pr&ence  du  genre  Euprotogonia,  si  caract^ristique 
de  rhorizon  de  Torrejon.  On  voit  que  cette  premiere  migration 
than^tienne  semble  avoir  4t4  exclusivement  dirig^  de  rAm^rique 
vers  PEurope,  sans  aucun  indice  connu  d'une  migration  en  sens 
inverse. 

Une  deuxifeme  migration,  tout  aussi  nette,  se  produit  a  T^poque 
suivant  ou  Spamacienne.  EUe  est  d^montr^  par  Texistence  dans 
les  lignites  du  Soissonnais  et  dans  I'argile  plastique  de  Paris,  de  deux 
Cr^xlontes,  Paleeonictis  et  Pachyhaena,  et  des  Amblypodes  du  genre 
Coryphodon,  conununs  avec  les  couches  de  Wasatch  des  fitats-Unis. 

Les  conununications  me  paraissent  avoir  persists  encore  avec  le 
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demier  terme  de  TEocfene  inf^rieur,  T^tage  Ypr^sien  ou  Londinien. 
Le  Platychserops  de  Targile  de  Londres  est  un  Tillodonte  assez  voisin 
de  TEsthonyx  de  Wasatch  et  de  Wind-River  pour  ^tre  Tindice  assur^ 
d'une  migration  am^ricaine.  J'ai  eu  personellement  Toccasion  de 
montrer  que  les  petits  Pr^^uidfe  am^ricains  des  Stages  de  Wasatch, 
de  Wind-River  et  de  Bridger,  d^rits  tant6t  sous  les  noms  d'Eohippus 
et  d'Orohippus,  et  tantot  rapport^s  a  rHyracotherium  de  Targile  de 
Londres,  ont  des  molaires  moins  bunodontes  que  celles  de  ce  dernier 
type  et  sont  presque  identiques  aux  Propachynolophus  signals  par 
le  Dr.  Lemoine  dans  les  couches  ypr^siennes  d'Ay  et  de  Cuis,  aux 
environs  d'Epemay.  Je  ne  suis  pas  non  plus  doign^  de  penser  que 
le  Protoadapis  de  ce  demier  gisement  pr&ente,  dans  la  structure  de 
ses  molaires  a  denticules  dispose  en  rang^  transverses,  de  remar- 
quables  affinity  avec  les  Primates  am^ricains  de  la  famille  des  Noth- 
arctidfe  (Notharctus,  Pelycodus). 

Les  connexions  g^ographiques  entre  PEurope  et  TAm^rique  ont- 
elles  cess6  compl^tement  avec  FEocfene  moyen,  c'est-a-dire  aux 
^poques  Lut^ienne  et  Bartonienne,  comme  le  pensent  mes  ^minents 
confreres  MM.  Osbom  et  Stehlin  ?  C'est  la  une  question  qui  reste  pour 
moi  encore  un  peu  douteuse.  II  ne  me  paratt  pas  invraisemblable 
d'expliquer  par  une  communication  avec  TAm^rique  Farriv^  brusque 
en  Europe  dans  le  Lut^ien  sup^rieur  d'Egerkingen  et  de  Lissieu  des 
Primates  de  la  famille  des  Anaptomorphid^  (Necrolemur)  et  des 
premiers  Hysenodontid^.  Toutefois  il  importe  de  ne  plus  tenir 
compte,  dans  les  relations  entre  TEurope  et  TAm^rique  a  cette  ^poque, 
du  Calamodon  d'Egerkingen,  que  Rutimeyer  rapprochait  des  Sty- 
linodon  de  Wind-River.  M.  Stehlin  m'a  autoris^  a  annoncer  que  ce 
pr^tendu  Tillodonte,  ^gar^  dans  TEocfene  moyen  d'Europe,  lui  parais- 
sait  plut6t  6tre  un  Primate  voisin  du  Chiromys  actuel. 

Enfin  a  T^poque  Bartonienne,  il  serait  naturel  d'interpr^ter  comme 
une  relation  am^ricaine  un  peu  moins  certaine,  Tapparition  brusque 
dans  le  calcaire  de  St.  Ouen  prfes  Paris,  du  Pernatherium,  le  plus 
ancien  repr^entant  connu  de  la  curieuse  famille  des  Chalicoth^rd^s, 
proches  parents,  au  moins  a  titre  de  branche  lat^rale  sp^ialis^,  du 
groupe  des  Palseosyops  de  TEoc^ne  d'Am^rique. 

Quoiqu'il  en  soit,  on  pent  tout  au  moins  affirmer  que  les  com- 
munications de  TEurope  avec  TAm^rique  ^taient  devenues  sinon 
impossibles,  au  moins  beaucoup  plus  difficiles  pendant  TEoc^ne 
moyen.  II  paralt  certain  qu'elles  ont  enti^rement  cess^  pendant 
TEocfene  sup^rieur  et  les  premiers  debuts  des  temps  Oligoc^nes. 

Aprfes  cette  interruption  assez  longue,  on  voit  les  connexions 
am^ricaines  reprendre  avec  une  intensity  nouvelle  vers  le  fin  de 
rOligocfene  inf^rieur  ou  ^tage  Sannoisien.  C'est  <ie  ce  moment  que 
date  en  effet  Tintroduction  brusque  d'Am^rique  en  Europe  de  TEn- 
telodon  et  des  premiers  Rhinoc^rid^s  (Ronzotherium).  S*il  ne  nous 
est  pas  encore  possible  de  rattacher  directement  les  premiers  Rhinoce- 
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rid^s  europ^ns  a  Tun  des  groupes  Eocfenes  d'Am^rique,  tels  que  les 
Hyracodontid^s  ou  les  Amynodontid^s,  du  moins  est-il  permis  de 
penser  que  nos  Ronzotherium  et  Acerotherium  sont  une  branche 
lat^rale,  d^taeh^  un  peu  avant  I'OHgocfene,  du  trone  des  Rhinoceros 
du  Nouveau-Monde. 

Avec  rOligoc^ne  moyen  ou  Stampien,  les  Changes  de  faune  con- 
tinuent,  avec  plus  d'activit^  encore,  entre  les  deux  contr^es.  L'Ain6- 
rique  envoie  vers  TEurope  les  Tapiridfe  sous  la  forme  du  Protapirus, 
les  Amynodontid^s  avec  le  Cadurcotherium,  les  Rhinoceros  a  comes 
lat^rales  ou  Diceratherium,  et  selon  toute  vraisemblance  les  grands 
Felins  du  type  Machairodus  (Eusmilus).  En  revanche,  elle  refoit 
de  TAncien  Continent,  dans  T^tage  de  White-River,  Timportante 
famille  des  Anthracoth^rides.  J*ai  pu  constater  dans  les  magnifiques 
series  du  Museum  de  New  York  la  presence  certaine  de  trois  types 
europ^ens  de  cette  famille :  des  Ancodus  au  museau  allonge,  a  peine 
distincts  de  ceux  de  Ronzon  par  des  molaires  un  peu  moins  hypso- 
dontes  (Hyopotamus  americanus);  et  des  Brachyodus  de  deux 
groupes.  Tun  conforme  au  type  s^lenodonte  du  genre  (Hyopotamus 
brachyrhyncus)y  Tautre  un  peu  plus  bunodonte  (Ajithrdcotherium 
curtum  de  Marsh),  tr^  voisin  de  deux  espies  du  Fayoum  et  de  la 
Catalogue.  Enfin,  les  vrais  Anthracotherium  a  dentition  bunodonte 
paraissent  aussi  avoir  aussi  passe  en  Amerique  avec  VA,  Karense  du 
White-River  superieur.  A  cette  migration  importante  et  certaine,  il 
faut  en  ajouter  sans  doute  beaucoup  d'autres,  par  exemple  celle  des 
Tragulides  (Leptomeryx),  des  Castorides  (Steneofiber),  des  Canides 
(Cynodictis),  des  Mustelides  (Bunselurus) ;  des  Sciurides  (Sciurus)  et 
peut^tre  des  Cricetides  (Eumys).  Ces  divers  groupes  n'ont  aucune 
racine  geologique  dans  le  sol  americain  et  leur  importation  d'Europe 
est  plus  que  vraisemblable. 

Les  demiers  temps  de  TOligocfene  ou  fetage  Aquitanien  paraissent 
repondre  a  une  rupture  complete  des  communications  entre  les  deux 
pays.  Malgre  des  aflSnites  incontestables  qui  permettent  d'^tablir 
un  paralieUsme  stratigraphique  assez  precis  entre  la  faime  de  St. 
Gerand-le-Puy  et  celle  du  John  Day  inferieur,  il  ne  me  paraft  pas 
possible  d'indiquer  un  seul  fait  de  migration  correspondant  a  cette 
epoque. 

Mais  les  migrations  recommencent  une  nouvelle  fois  avec  le 
IVIioc^ne  inferieur  ou  Burdigalien,  epoque  a  laquelle  Tun  des  repre- 
sentants  du  rameau  des  Equides,  le  Mesohippus  ou  Anchitherium, 
deja  apparu  en  Amerique  depuis  TOligoc^ne  de  White-River  et  de 
John  Day,  fait  en  Europe  une  courte  incursion  pendant  le  Miocene 
inferieur  et  moyen  et  s'y  eteint  sgtis  laisser  de  descendants.  II  est 
remplace  dans  le  Miocene  superieur  ou  etage  Pontien  par  un  autre 
chainon  de  ce  m^me  rameau,  THipparion,  accompagne  dans  sa 
migration  par  les  Titanotherides  (Leptodon)  et  par  les  veritables 
Leporides  (Lepus).    Par  centre  une  migration  en  sens  inverse,  re- 
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pondant  aux  couches  de  Rosebud  et  de  Deep  River  introduit  brusque- 
ment  en  Am^rique  les  Cervulid^s  (Paloomeryx)  et  les  premiers  Pro- 
boscidiens  du  type  des  Mastodontes  tapiroides  {Mastodon  brevidens), 

Enfin  une  demi^re  immigration  Miocene  se  montre  dans  les 
couches  de  Loup-Fork,  qui  r^pondent  a  peu  prfes  a  I'horizon  Miocfene 
sup^rieur  de  Pikermi.  Cette  importante  migration  fait  p^n^trer  pour 
la  premiere  fois  en  Am^rique,  comme  types  de  TAncien  Monde,  les 
Camassiers  des  genres  Mustek,  Lutra,  Ainphicyon,  Pseudalunis,  les 
Mastodontes  du  groupe  du  Mastodon  angustidens  (Trilophodon) 
et  les  curieux  Antilopid^s  a  bois  (Blastomeryx,  Merycodus). 

Etant  donn^  le  peu  de  probability  de  conununications  directes 
entre  TAm^rique  et  TEurope  aux  temps  n^gfenes,  il  me  semble  permis 
de  penser  plut6t  que  les  divers  Changes  de  faune  que  je  viens  d'indi- 
quer  depuis  le  d^but  du  Miocene  ont  dfl  avoir  lieu,  non  plus  comme 
pr^ddemment  a  travers  TAtlantiaue  du  Nord,  mais  par  Tinterm^ 
diaire  des  terres  asiatiques,  la  Sib^ne,  le  d^troit  de  Behring  et  TAlaska. 
Cette  conception  est  malheureusement  destine  a  demeurer  a  Tdtat 
d'hypothfese,  tant  que  persistera,  pour  le  grand  continent  de  TAsie 
centrale,  la  lacune  de  nos  connaissances  pal^ntologiques,  restreintes 
aux  faunes  tertiaires  les  plus  r^entes  du  Miocene  sup^rieur  et  du 
Pliocene.  Nous  sommes  r^duits  pour  le  moment  a  soup<;»onner  dans 
TAsie  du  Nord,  dans  Tancien  continent  d'Angara,  Texistence  hy- 
poth^tique  d'un  centre  de  dispersion  ind^pendant,  qui  expliquerait  les 
obscurity  encore  tr^grandes  qui  entourent  I'origine  et  Thistoire 
d'un  trfes  grand  nombre  de  groupes  de  Mammiftres  tertiaires. 

Les  doutes  que  je  viens  d'exprimer  sur  le  sens  de  la  migration  des 
faunes  europ^ennes  vers  TAm^rique  du  Nord  a  T^poque  Miocfene  ne 
sauraient  subsister  en  tous  les  cas  en  ce  qui  conceme  le  Pliocene  et 
Quaternaire.  Nous  nous  trouvons  ici  en  presence,  a  la  fin  du  Pliocene, 
d'une  Emersion  des  continents  dans  toute  la  region  bor^le  et  d'une 
connexion  certaine  entre  TAm^rique  du  Nord,  TEurope  et  la  Sib^rie. 
C'est  le  long  de  cet  anneau  peut-^tre  continu  de  terres  bor^les  qu*a 
pu  se  faire  ais^ment  le  passage  si  remarquable  de  TAncien  Monde 
vers  TAm^rique  de  toute  la  faune  quaternaire,  les  Elephants,  le  Renne, 
I'Elan,  rOvibos,  le  Bison,  les  Myodes,  les  Jaculus,  les  Arvicola,  pour 
ne  citer  que  les  formes  les  plus  connues. 


IV 

Aprfes  avoir  ainsi  expose  rapidement  les  principaux  faits  relatifs 
aux  Changes  de  faunes  entre  TEurope  et  TAm^rique  du  Nord,  il  me 
semble  utile  d'appeler  Tattention  des  pal^ntologistes  sur  la  n^cessit^ 
de  chercher  a  pr^iser,  plus  qu*on  ne  Ta  fait  jusqu'ici,  le  sens  de  ces 
migrations  effectu^  tant6t  de  TEst  a  TOuest,  tant6t  en  sens  inverse. 
Le  seule  m^thode  dont  nous  puissions  disposer  —  et  que  j'ai  utilis^e 


Digitized  by 


Google 


710      Vn.  INTERNATIONAL  ZOOLOGICAL  CONGRESS 

dans  les  considerations  pr^^entes  —  consiste  a  observer  dans 
laquelle  des  deux  regions,  chaque  famille  ou  chaque  genre  dont  on  se 
propose  d'^tudier  Torigine,  ont  fait  leur  premiere  apparition.  On 
pent  aussi  quelquefois  s'appuyer  sur  T^tat  plus  ou  moins  florissant 
des  ordres,  des  families  ou  des  genres  dans  les  deux  pays.  On  pouna 
ainsi  consid^rer  comme  le  ceiitre  de  dispersion  probable  d'un  groupe 
la  contr^  ou  il  est  a  la  fois  le  plus  ancien  et  le  plus  riche  en  rameaux 
multiples  et  varife. 

Cette  methode  est  malheureusement  sujette  a  erreur,  la  dAjou- 
verte  de  documents  nouveaux  venant  souvent  d^montrer  la  fausset^ 
de^  hypotheses  provisoirement  admises,  et  d^router  toutes  les  pr^ 
visions.  Je  ne  saurais  mieux  completer  cette  adresse  qu'en  faisant 
connaltre  quelques  faits  nouvellement  d^buverts  en  Europe,  faits 
qui  viennent  a  Tencontre  de  toutes  les  donn^  jusqu'ici  ad- 
mises sur  Torigine  de  deux  groupes  importants  de  Manuniftres 
tertiaires,  les  Pdrissodactyles  et  les  Primates. 

Tons  les  pal^ntologistes  connaissent  les  vicissitudes  par  les- 

3uelles  a  pass^  depuis  un  quart  de  si^le  Fhistoire  de  la  phylog^nie  et 
e  la  dispersion  des  Equid^s.  D'abord  ^tablie  par  Hujdey  et  Ko^ti- 
levsky  avec  des  formes  europ^nnes,  le  Paloplotherium,  le  Palaeo- 
therium,  TAnchitherium  et  FHipparion,  la  g^n&logie  du  Cheval  a 
trouv^  un  peu  plus  tard,  grace  aux  travaux  de  Marsh  et  de  Cope,  une 
expression  plus  solide  et  plus  complete  dans  la  lign^  am^ricaine  con- 
stitute par  TEohippus,  TOrohippus,  TEpihippus,  le  Mesohippus,  le 
Miohippus,  le  Merychippus  et  le  Protohippus.  Cope  compl^tait  cette 
s^rie  g^n^logique  en  y  ajoutant  a  la  base  un  Condylarthr€,  le  Phena- 
codus,  a  patte  pentadactyle,  et  a  dentition  bunodonte  sextuberculaire. 
Cette  phylog^nie  a  ^t^  admise  k  peu  pr^  sans  discussion,  et  rorigine 
enti^rement  am^ricaine  du  groupe  paraissait  hors  de  doute.  Des 
constatations  r^entes  que  j'ai  pu  faire  dans  TEocfene  inf^rieur 
d'Europe  montrent  que  la  g^n^logie  cheyaline  doit  ^tre  remani^ 
encore  une  fois  et  qu'il  faut  en  ^carter  tout  au  moins  le  Phenacodus 
et  TEohippus  (Hyracotherium).  Void  les  faits  brifevement  expos^: 
la  forme  de  Pr^^uid^  la  plus  primitive  qui  existe  en  Europe  est 
THyracotherium,  tellement  voisin  de  TEohippus  d'Am^rique  que  la 
reunion  de  ces  deux  genres  me  paratt  s'imposer.  liCS  molaires  de 
cet  animal,  pourvues  en  haut  de  six  tubercules  et  en  bas  de  quatre 
tubercules  coniques,  non  r^unis  par  des  aretes  transverses,  ont  con- 
serve un  caractfere  bunodonte  trfes-accentu^.  Le  type  provient  du 
London-clay,  qui  correspond  a  T^tage  Ypr^sien  et  englobe  aussi, 
suivant  quelques  g^logues,  la  partie  sup^rieure  du  Spamacien. 
Cependant  Pomel  a  cit^  depuis  longtemps,  de  Targile  plastique  de 
Suzanne,  c'est  a  dire  dans  le  Spamacien  incontestable,  un  veritable 
Pachynolophus  (P.  visirum)^  a  dentition  semi-s^l^nodonte,  moins 
primitive  que  celle  de  T Hyracotherium.  Le  Pachynolophus  de 
o^zanne  n'a  malheureusement  jamais  ^t^  figur^>  et  la  pi^  elle^ 
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mftme  a  disparu.  Mais  j'ai  eu  la  bonne  fortune  de  retrouver  k 
Pourcy,  pr&s  de  Reims  dans  des  couches  kguno-marines  du  Spar- 
nacien  sup^rieur  une  molaire  inf^rieure  d'un  P^rissodactyle  a  dentition 
s^l^nodonte,  qui  appartient  ^galement  a  un  Pachynolophus  v^table: 
elle  ^tait  d'ailleurs  associ^  k  une  dent  de  Coryphodon,  ce  qui  affirme 
bien  Tage  spamacien  du  gisement.  Ce  premier  fait  pennettait  d^jii 
de  d^montrer  que  THyracotherium  (=  Eohippus),  dont  le  niveau 
stratigraphique  est  plutdt  un  peu  sup^rieur  a  celui  des  Pachynolophus 
de  Suzanne  et  de  Pourcy  devait  6tre  ^cartd  de  la  phylog^nie  directe 
des  Pr^uidfe,  et  qu'il  fallait  s'attendre  k  trouver  plus  bas,  dans  le 
Than^tien,  les  anc^tres  s^l^nodontes  du  groupe. 

Cette  d^ouverte  importante  a  ^t^  fait  d^ja  depuis  quelques  ann^s 
par  M.  Rutot  dans  le  gisement  d'Erqueiines  en  Belgique.  Ce  savant 
a  d^rit  et  figure  de  cette  locality  une  belle  demi-mandibule  d'un 
Pr^dquid^  de  petite  taille  qui  ne  semble  pas  pouvoir  ^tre  sdpard  du 
genre  Pachynolophus,  a  dentition  s^ldnodonte  nettement  marqu^. 
Malheureusement,  la  pifece  d'Erquelines  ayant  6t6  rapports  a  tort 
par  M.  Gaudry  au  Pachynolophus  maldani  de  TYpr^sien  de  Cuis, 
il  en  est  r^sultd  une  confusion  stratigraphique,  qui  a  fait  attribuer  les 
sables  d'Erquelines  a  TYpr&ien.  M.  Rutot,  avec  qui  j'ai  eu  Toccasion 
de  m'entretenir  de  ce  point  important  est  maintenant  trfes  affirmatif 
sur  Tage  Thandtien  supdrieur  du  gisement  en  question.  Je  crois 
pouvoir  confirmer  Taffirmation  de  M.  Rutot  par  la  d^ouverte  que 
j'ai  faite  dans  le  Thandtien  sup^rieur  de  la  cdl^bre  locality  de  Cemay- 
les-Reims,  de  dents  isol^  (molaires  infdrieures  et  prdmolaire  sup^ 
rieure)  d'un  petit  Pr^uid^  sdldnodonte,  qui  me  semble  identique  k 
Tesp^e  d'Erquelines.  Void  done  deux  gisements  thandtiens,  Erque- 
lines  et  Cemay,  od  se  rencontre  un  petit  Pdrissodactyle  a  dentition 
sdldnodonte  trfes  accuse,  qui  repr^nte  beaucoup  mieux  que  TEohip- 
pus  et  le  Phenacodus,  le  premier  anc^tre  tertiaire  des  Equidfe.  Comme 
les  gisements  amdricains  de  Puerco  et  de  Torrejon  n'ont  encore  livrd 
aucune  trace  de  Pdrissodactyles,  je  suis  amend  a  admettre  maintenant 
que  Vevolvtixm  des  Preequides  s*est  faite  d'abord  en  Europe  au  debut  de 
rEochne,  et  que  c'est  seulement  un  peu  plus  tard,  a  Tdpoque  de 
Wasatch,  que  le  groupe  a  passd  en  Amdrique,  pour  y  continuer  en- 
suite  les  diverses  dtapes  qui  devaient  le  conduire  jusqu'au  Cheval. 

J'apporte  ici  une  observation  tout  a  fait  analogue  pour  le  groupe 
des  Primates  primitifs  ou  Pachyldmuriens.  Ce  groupe  si  important 
ne  ddbute  en  Amdrique  d'une  mani^re  certaine  qu'avec  Tdtage  de 
Wasatch  ou  Spamacien.  En  Europe,  si  nous  mettons  de  c6t6  le 
probldmatique  Plesiadapis  de  Cemay,  les  Primates  ne  ddbutaieht 
jusqu'ici  qu'avec  le  Protoadapis  de  Tdtage  Yprdsien  d'Ay  et  de  Cuis; 
Torigine  amdricaine  du  groupe  paraissait  done  vraisemblable.  Mais 
tout  rdcemment  j'ai  pu  observer  dans  les  sables  marins  de  Chalons- 
sur-Vesle  qui  sont  un  peu  infdrieurs  aux  couches  de  Cemay  et  appar- 
tiennent  au   Thandtien  moyen,  une  molaire  isolde,  mais  tr^  bien 
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caract^ris^,  d'un  Primate  que  tous  ses  caractferes  rapprochent  de  la 
famille  des  Notharctid^s,  et  qui  pourrait  fort  bien  fetre  Tanc^tre  com- 
mun  du  Protoadapis  de  Cuis  ainsi  que  des  Pelyeodus  et  Noth- 
arctus  de  Wasatch  et  de  Bridger.  II  devient  d^  lore  possible  de 
soup9onner  que  TAm^rique  du  Nord  a  pu  recevoir  d'Europe,  dans 
la  seconde  moiti^  du  Pal^ocfene,  Tint^ressant  rameau  des  Paehyl^mu- 
riens,  qui  s'y  d^veloppe  si  brillamment  de  Thorizon  de  Wasatch  a 
celui  d'Uinta. 


Arrive  ainsi  au  tenne  de  cet  expose,  peut-6tre  un  peu  trop  charge 
de  faits,  mais  que  Ton  me  pardonnera,  un  raison  de  Timportance  des 
probtemes  que  ces  faits  soulfevent,  il  me  reste  a  indiquer  en  quelques 
lignes  les  id^  g^n^rales  qui  se  d^gagent  a  mon  sens,  de  T^tude  de  ces 
ph^nom^nes,  au  point  de  vue  des  lois  de  revolution  et  du  m^canisme 
des  changements  de  faunes  d'animaux  terrestres. 

J'ai  eu  surtout  le  d^ir  de  mettre  en  lumifere  le  r6le  capital  jou^ 
par  les  phenomknes  de  migraiion,  qui  ont  ^t^,  sans  doute,  d^ja  ob- 
serve et  signals  par  divere  pal^ontologistes,  mais  auxquels  on  n'a 
pas,  il  me  semble,  attribu^  Timportance  fondamentale  qu'ils  m& 
ritent.  On  pourrait  presque  aflirmer  aujourd'hui  qu'il  est  impossible 
de  suivre  revolution  entifere  d'un  rameau  quelconque  d'animaux 
fossiles  dans  une  seule  contr^e.  La  plupart  des  essais  de  phylog^nie 
ou  enchainementSy  tenths  sur  divere  groupes  de  Mammif^res  ter- 
tiaires,  p^hent  justement  parceque  leure  auteurs  ont  presque  toujours 
tente  de  rechercher  sur  place,  dans  le  pays  qu'ils  habitent,  les  (fivers 
chatnons  de  devolution  de  ces  groupes.  En  r^alite,  revolution  des 
rameaux  se  presente  a  nous  comme  une  ligne  brisee,  dont  les  divers 
segments  auraient  ete  separes  les  uns  des  autres :  pour  ressouder  ces 
bouts,  il  faut  s'attendre  a  changer  plusieure  fois  de  contree.  Cek  doit 
6tre,  dfes  maintenant.  Tun  des  buts  les  plus  importants  de  la  paleon- 
tologie  modeme. 

Sans  doute  cette  tache  est  rendue  diflBcile  et  parfois  m§me  im- 
possible par  la  penurie  des  documents  sur  de  vastes  regions,  telles 
que  TAsie.  Un  travail  preliminaire  est  du  moins  abordable  d^  a 
present :  c'est  d'etablir  pour  chaque  region  dont  I'exploration  geolo- 
gique  est  suffisamment  avancee,  la.part  qui  revient  a  chacun  des  deux 
facteure  qui  determinent  les  changements  de  faunes:  1^  Vevdtdwn 
sur  place.  2°  les  migrations  d'origine  loiniaine.  C'est  a  ce  point  de 
vue  que  j'ai  repris  recemment  Tetude  de  toutes  les  faunes  fossiles  de 
Mammifferes  d'Europe  et  que  j'ai  essaye  d'en  degager  les  nombreux 
faits  de  migration  que  je  viens  de  decrire  entre  I'Ancien  et  le  Nouveau- 
Monde  dans  Themisphfere  nord. 

C'est  aussi,  je  crois,  par  des  phenomfenes  de  migration  que  nous 
pourrons  arriver  a  donner  une  explication  simple  et  rationelle  de  ces 


Digitized  by 


Google 


LES   ^CHANGES    DE    FAUNES  713 

curieuses  similitudes  d'^volution  observe  entre  des  contr^  loin- 
taines,  par  exemple  entre  TEurope,  TAm^rique  du  Nord  et  la  Pata- 
gonie,  en  ee  qui  conceme  les  premieres  faunes  Eocfenes.  On  a  fait 
quelquefois,  pour  expliquer  ces  analogies  dans  la  marche  de  revolution, 
rhypothfese  d'une  evolution  paraUUe  d*un  meme  groupe  dans  difF6- 
rentes  contr^.  Je  trouve,  a  mon  sens,  ces  hypotheses  assez  invrai- 
semblables.  Nous  ne  devons  pas  oublier  que  des  savants  pal^ntolo- 
gistes  avaient  ^mis  Tid^  d'une  double  filiation  du  Cheval,  Tune 
europ^enne,  Tautre  am^rieaine.  Nous  avons  vu  plus  haut  que  cette 
conception  ne  pent  r&ister  k  une  analyse  praise  des  migrations 
r^p^t^es  et  r^iproques  des  divers  types  du  rameau  des  Equid^  entre 
les  deux  Mondes.  Dans  T^tat  actuel  de  nos  connaissances,  revolu- 
tion des  Equides  debute  en  Europe  pour  se  terminer  en  Amerique. 
Je  n'hesite  pas  a  penser  qu'il  en  sera  le  m^me  de  tons  les  autres  cas 
d'evolution  parallMe  invoqu^s  dans  les  autres  groupes  d'animaux 
fossiles. 

Le  progrfes  immense  deja  realise  dans  cette  voie  par  les  etudes 
modemes  de  paieogeographie  et  de  distribution  des  animaux  vivants 
et  fossiles,  nous  montre  dans  Tetude  precise  des  migrations  la  veritable 
marche  a  suivre  et  la  solution  de  demain. 
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DIE  BEDEUTUNG  DER  PALAONTOLOGIE  FUR  DIE 
ABSTAMMUNGSLEHRE 

G.  STEINMANN 

Der  Kem  der  Abstammungslehre  ist  eine  Behaliptung  historischer 
Art:  die  Organismen  sind  durch  allmahliche  Umbildung  aus  einander 
hervorgegangen.  Darum  erscheint  die  Palaontologie  in  erster  Linie 
berufen,  aus  der  Gesehichte  der  Tier-  und  Pflanzenwelt  die  Rich- 
tigkeit  der  Lehre  zu  beweisen,  im  besonderen  aber  den  Gang  der 
organischen  Entwicklung  festzustellen^  soweit  das  fossile  Material  dies 
erlaubt.  Ebenso  kann  das  letzte  und  hochste  Ziel  der  Entwicklungsr 
lehre,  namlich  die  Erforsehung  der  Ursachen  der  Entwicklung,  nur 
durch  Zusammenwirken  biologischer  und  palaontologischer  For- 
schung  erreicht  werden.  Ist  doch  jedes  Fossil  ein  wirkliches  histo- 
risches  Dokument,  das  gerade  so  gut  aus  dem  Gang  der  Entwicklung 
begrifFen  werden  muss,  wie  eine  Pflanze  oder  ein  Tier  der  heutigen 
Schopfung.  Zudem  baut  sich  eine  Phylogenie  sicherer  auf  his- 
torischen  Dokumenten  auf  als  auf  Vorstellungen,  die  nur  mittelbaT 
aus  der  heutigen  Schopfung  und  aus  deivunsicheren  und  mehrdeutigen 
Ontogenie  der  heutigen  Organismen  abgeleitet  werden. 

Wahlt  man  das  fossile  Material  zum  Ausgange  fiir  einen  seBh 
stdndigen  Aufbau  des  Entwicklimgsganges,  so  miissen  zwei  Voraus- 
setzimgen  erfiillt  werden.  Erstens  diirfen  wir  unsere  Untersuchungen 
imd  Betrachtungen  nicht  auf  einen  Teil  der  Tier-  und  Pflanzenwelt 
beschranken,  sondern  wir  haben  das  gesammte  Material  von  fossHen 
Pflanzen  und  Tieren  zu  beniitzen,  unter  Herausstellung  der  am  voU- 
standigsten  iiberlieferten  und  am  besten  bekannten  Gruppen.  Zwei- 
tens  muss  die  rein  historische  Methode  Anwendung  finden,  d.  h.  wir 
miissen  das  fossile  Material  als  geschichtUch  gegebenen  Stoff,  aber  in 
richtiger  Wiirdigung  seiner  sich  stetig  vermindemden  Liickenhaftig- 
keit  beniitzen,  und  wir  diirfen  dabei  nur  solche  Gesichtspunkte  ver- 
wenden,  die  sich  aus  der  historischen  Methode  selbst  ergeben.  Das 
besagt  anders  ausgedriickt:  die  Organisation  der  fossilen  Pflanzen 
und  Tiere  haben  wir  wohl  auf  Grund  unserer  Erfahrungen  an  leben- 
den  Pflanzen  und  Tieren  zu  ermitteln,  aber  den  Gang  der  Entwick- 
lung haben  wir  zu  griinden  ausschliesslich  auf  den  geschichtlichen 
Stoff^  und  wir  miissen  uns  hiiten,  dabei  solche  VorsteUungen  zu  be- 
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niitzen,  die  nicht  aus  seiner  Betrachtung  selbst  gewonnen  sind.  leh 
meine  dabei  vor  allem  die  Vorstellungen,  die  sich  aus  dem  heutigen 
System  der  Tiere  und  Pflanzen  ergeben.  Es  liegt  zwar  nahe,  und  es 
erscheint  tins  heute  ganz  selbstverstandlich,  dass  unsere  systema- 
tischen  Einheiten,  grossere  wie  kleinere,  auch  zugleich  phylogenetische 
Einheiten  sind,  aber  wir  sollten  doch  nicht  vergessen,  dass  wir  keinerlei 
historischen  Beweis  dafiir  haben.  Das  System  der  Tiere  und  Pflanzen 
ist  vielmehr  errichtet  und  ausgebaut  worden  als  ein  notwendiges 
Uebel  aus  rein  praktischen  Gesicktsjmnkten,  und  nicht  als  ein  Aus- 
druck  unseres  Wissens  vom  phylogenetischen  Zusammengang  der 
Tiere  und  Pflanzen;  dieser  ist  viehnehr  erst  spater  hineingelegt 
worden.  Ziehen  wir  aber  die  Palaontologie  ailein  zu  Rate,  so  ergibt 
sich  ein  ganz  anderes  Bild  als  dasjenige,  das  wir  aus  der  systema- 
tischen  Anordnung  entnehmen.  Fast  iiberall,  wo  wir  die  Geschichte 
einer  gut  uberlieferten  grosseren  Tier-  oder  Pflanzenabteilung  in  die 
Vorzeit  zunickverfolgen,  treflFen  wir  sie  in  ahnlicher  Formenfiille  an, 
wie  spater,  oder  wo  die  alteren  Formen  sparlicher  sind,  erblicken  wir 
doch  nie  ein  Zusammenfliessen  nock  einem  dnzigen  Ausgangspunkt 
Das  gilt  aber  nicht  ailein  fiir  die  sehr  alten  Gruppen,  deren  Vorfahren 
in  vorkambrischen  Zeiten  schon  bestanden  haben  miissen,  wie  Algen, 
Gefasskryptogamen,  Echinodermen,  Mollusken,  Crustaceen,  viel- 
leicht  audi  Fische,  sondem  ganz  besonders  auch  fiir  die  jiingeren, 
die  doch  erst  im  Laufe  der  geologisch  iibersehbaren  Zeit  entstanden 
sind,  wie  Gymnospermen,  Monocotyledonen,  Dicotyledon^n,  Rep- 
tilien,  Vogel  und  Sanger.  Das  Suchen  nach  den  Urformen  aller 
solcher  Abteilimgen  unter  dem  fossilen  Material  ist  bisher  voUig 
ergehnishs  geblieben  und  erscheint  mir  auch  fiir  die  Zukunft  nur  als 
hoffnungslose  Jagd  nach  einem  Phantom. 

Vielmehr  ergibt  sich  aus  der  rein  historischen  Verwertung  des 
fossilen  Materials  eine  Reihe  von  Tatsachen,  die  fiir  die  Ermittelung 
des  Entwicklungsganges  von  grundlegender  Bedeutimg  erscheinen. 
Die  beiden  wichtigsten  davon  diirften  folgende  sein: 

(1)  Ueberall,  wo  das  fossile  Material  in  hinreichender  VoUstandig- 
keit  vorliegt,  stellen  wir  eine  langsame,  ununierbrochene  und  allmdhr 
liehe  Umbildung  der  Formen  unter  nur  geringer  Vermehrung  der 
Artenzahl  im  Laufe  der  Zeit  fest. 

Wo  das  Gegenteil  vorzuUegen  scheint,  wo  sich  neue  Gruppen 
scheinbar  explosionsartig  entwickeln,  wo  die  Zahl  der  Organisations- 
typen  plotzlich  imgewohnlich  stark  vermehrt  erscheint,  verkniipfen 
sich  damit  offenbar  stets  erhebliche  Liicken  in  der  Ueberlieferung. 
Manche  Algen  und  Coniferen,  die  Steinkorallen,  zahlreiche  Mollusken 
und  Fische,  besonders  aber  verschiedene  Gruppen  von  Yierfiisslem, 
wie  die  Krokodile,  die  Pferde,  die  Proboscidier  und  zahlreiche  andere 
Saugergruppen,  sind  zutreffende  Beispiele  fiir  die  allmahHche  Umbil- 
dung. Das  Auftreten  der  Dicotyledonen  und  Sanger  dagegen  er- 
weckt  den  Anschein  einer  unvermittelten  und  schwer  begreiflichen 
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Umpragung  der  Schopfung.  In  beiden  Fallen  Idaift  aber  auch  eine 
weite  Liicke  in  der  Ueberlieferung  der  vorhergehenden  Zeit. 

(2)  Ein  zweites  Ergebnis  der  palaontologischen  Forschung  ist 
fiir  unsere  Betrachtung  von  erheblicher  Wichtigkeit.  In  alien 
Fallen,  wo  das  fossile  Material  das  rezente  wesentlieh  hat  vermehren 
helfen,  und  so  zu  Aenderungen  der  Systematik  auf  historischer 
Grundlage  gefiihrt  hat,  haben  sich  diejenigen  Merkmale  als  phylo- 
genetisch  wertlos  und  unbrauchbar  erwiesen,  die  vor  alien  anderen 
zur  systematischen  Unterseheidung  der  grosseren  Abteilungen  benutzt 
worden  sind.  So  wissen  wir  jetzt,  dass  Gymnospermen  nicht  nur  ein 
einziges  Mai  aus  Sporenpflanzen  hervorgegangen  sind,  sondem  dass 
dieser  Vorgang  sich  unabhangig  auf  verschiedenen  phylogenetischen 
Linien  abgespielt  hat,  bei  Lyeopodialen,  die  wir  als  Lepidospermen, 
bei  Filicalen,  die  wir  als  Pteridospermen  kennen,  bei  Cordaiten,  und 
wahrseheinlich  auch  bei  Cycadeen.  Nicht  die  Art  der  Fortpflanzung 
erscheint  hiemach  als  das  Bestandige,  sondern  die  Mehrzahl  der 
sogenannten  morphologischen  Merkmale,  die  in  der  Systematik 
gewohnlich  erst  an  letzter  Stelle  stehen.  Nicht  anders  liegen  die 
Verhaltnisse  bei  den  Wirbellosen,  z.  B.  bei  den  Madreporariem,  wo 
es  jetzt  erwiesen  scheint,  dass  die  modernen  Hexacorallier  nicht  durdi 
einmalige  Abspaltung,  sondern  auf  zahlreichen  Linien  unter  ahnlich 
gerichteter  Umbildung  aus  den  alteren  Rugosen  hervorgegangen  sind. 
Oder  bei  den  Lamellibranchiem,  bei  denen  zu  wiederholten  Malen 
und  auf  ganz  getrennten  Linien  Sinupalliaten  aus  Integripalliaten, 
Monomyarier  aus  Heteromyariern  entstanden  sind.  Aber  auch  die 
Wirbeltiere  zeigen  ahnliche  Erscheinungen.  Die  Knochenfische 
fiihren  sicher  nicht  auf  eine  gemeinsame  Ausgangsgruppe  zuriick, 
sondem  sie  stellen  nur  ein  hochentwickeltes  Stadium  der  Verknoche- 
rung  des  Innenskeletts,  meist  unter  gleichzeitigem  Schwinden  des 
Hautskeletts,  dar,  das  auf  verschiedenen,  wahrseheinlich  sehr  zaUrei' 
chen  phylogenetischen  Linien  erreicht  ist;  ebenso  darf  es  als  aus- 
gemacht  gelten,  dass  ein  mehrfacher  Zusammenhang  zwischen  den 
amphibischen  Stegocephalen  und  den  Reptilien  bestanden  hat. 

Aus  diesen  und  zahlreichen  anderen  Beispielen,  die  mehr  odCT 
weniger  sicher  historisch  beglaubigt  sind,  folgt  aber  in  iibereinstim- 
mender  Weise: 

Die  systematische  Anordnung,  die  auf  dem  Herausheben  einzel- 
ner,  besonders  auffalliger  Merkmale  der  Organisation,  z.  B.  der  Art 
der  Fortpflanzung  u.s.w.  unter  Zuriicksetzung  der  rein  morpholo* 
gischen  Merkmale  beruht,  fallt  in  zahlreichen  Fallen  sicher  nicht  mit 
den  phylogenetischen  Linien  ziisammen,  sondern  kreuzt  sich  mii  ihnen. 
Wo  wir  nach  der  Systematik  Einstanunigkeit  der  grosseren  Gnippen 
erwarten  sollten,  tritt  ganz  im  Gegenteil  Vielstammigkeit  hervor. 
Was  die  naive  Naturphilosophie  als  das  zufallige  Ergebnis  einer 
unbegrenzten  Veranderlichkeit  geglaubt  hat  begreifen  zu  konnen,  wie 
die  Entstehung  von  Samenpflanzen  aus  Sporenpflanzen,  von  Knochen- 
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fischen  aus  Knorpelfischen,  von  Reptilien  aus  Amphibien  u.s.w., 
erscheint  uns  heute  vielmehr  als  ein  gesetzmassiger  Vorgang  in  der 
allgemeinen  Umbildung,  ,als  notwendiges  Ergebnis  bestimmter  Ein- 
wirkimgen  und  Tatigkeiten. 

Was  aber  folgt  daraus?  Dass  fiir  die  phylogenetische  Forschung 
nicht  die  bestehende  Systematik  als  Grundlage  dienen  darf,  dass 
dafiir  vielmehr  das  historische  Material  in  den  Vordergrund  zu 
treten  hat. 

Um  den  Gegensatz  zwisehen  beiden  Forschungsmethoden  zu 
erlautern,  wahle  ich  ein  leicht  verstandliches  Beispiel.  Es  zeigt 
zugleich  ein  schwieriges  Problem,  die  Entstehung  der  Sanger,  in  ganz 
verschiedener  Beleuchtung. 

Bei  unseren  heutigen  Kenntnissen  von  dem  Entwicklungsgang  der 
Tier-  und  Pflanzenwelt  ist  es  ge\\dss  eine  sehr  merkwiirdige  Tat- 
sache,  dass  wir  von  der  vortertiaren  Geschichte  der  Sanger  so  gut 
wie  gar  nichts  wissen,  wahrend  uns  ihre  Reste  vom  alteren  Tertiar 
an  in  so  reichlieher  Fiille  iiberliefert  sind.  Immer  neue  und  reiehere 
Funde  stromen  uns  aus  den  Tertiiirschichten  der  verschiedenen 
Festlander  und  Inseln  zu  und  helfen  das  Bild  von  dem  Entwick- 
lungsgang der  einzelnen  Ordnungen  immer  mehr  vervoUstandigen. 
Auch  aus  mesozoischen  Formationen  vermehren  sich  ununterbroehen 
die  Reste  von  Vierfiisslern,  sowohl  von  Land-  wie  von  Meeresbe- 
wohnem,  aber  darunter  fehlen  Reste  von  Saugem  so  gut  wie  ganz,  es 
sind  immer  nur  Reptilien,  untergeordnet  auch  Vogel.  Das  wenige, 
was  wir  bis  heute  von  mesozoisdhen  Saugern  kennen  gelernt  haben, 
lasst  sich  nach  allgemeiner  AufTassung  nur  mit  Beuteltieren,  Mono- 
tremen,  vielleicht  auch  noch  mit  Insektivoren*  in  Beziehung  setzen, 
liber  die  Vorgeschichte  der  Hauptmasse  der  placentalen  Sanger 
sagt  es  uns  nichts.  Hiemach  begreift  man  denn  auch  die  weitere 
unerfreuliche  Tatsache:  jeder  Forscher  kann  sich  seine  besondere 
Vorstellung  iiber  die  wichtige  Frage  des  Ursprungs  der  Sanger  machen, 
der  eine  darf  sie  sich  von  den  theromorphen  Reptilien  des  Perm,  ein 
anderer  von  den  mesozoischen  Marsupialiern  ableiten,  ein  dritter 
lasst  den  Saugerstamm  sich*  zur  Devon-  oder  Silurzeit,  ein  vierter 
schon  zur  Zeit  des  Vorkambriums  von  den  iibrigen  Vierfiisslern  tren- 
nen  u.s.w.  Eine  solche  Divergenz  der  Vorstellungen  ist  nur  moglich, 
weil  es  fast  an  jeglichem  Verbindungsgliede  zwisehen  den  alttertiaren 
Placentalen  und  den  niederen  Vierfiisslern  fehlt,  aus  denen  sie  ent- 
standen  sein  miissen. 

Von  der  Geologic  darf  man  mit  Recht  eine  Antwort  auf  die  Frage 
erwarten,  warum  dies  so  ist.  Denn  man  kennt  doch  z.  B.  von  den 
Vogeln,  deren  Reste  im  Allgemeinen  auch  im  Tertiar  sehr  sparlich 
gesat  sind,  eine  nicht  unerhebliche  Zahl  fossiler  Formen  aus  Jura 
und  Kreide,  von  denen  jede  einzelne  bestimmte  Beziehungen  zur 
Stammgruppe  der  Vogel,  den  Reptilien,  aufweist.  Man  mag  diese  Be- 
ziehungen werten,  wie  man  will,  die  fossilen  Reste  liegen  vor.   Gleich- 
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giiltig  mit  welchen  Phantasieprodukten  man  nun  den  Abgnind 
fiillt,  der  vor  der  tertiaren  Ueberlieferung  der  Sanger  gahnt,  eine 
Anforderung  bleibt  bestehen:  es  muss  ausserordentlich  zahlreiche 
mesozoische  Sanger  gegeben  haben,  wenn  Inan  alle  zur  alteren  Ter- 
tiarzeit  vorhandenen  Abteilungen  auf  eine  gerneinsame  Ausgangs- 
gmppe  zuruckfiihrt,  wie  das  heute  allgemein  gesehieht.  Denn 
griinden  wir  unsere  Vorstellungen  von  den  Umbildungsvorgangen  der 
organischen  Formen  auf  diejenigen  Entwicklungsreihen  unter  den 
Vierfiisslern,  die  uns  wirklich  einigermassen  gut  bekannt  sind,  wie 
die  Pferde,  Proboscidier,  Raubtiere  oder  Krokodile,  Ichthyosaurier, 
Thalattosaurier  u.s.w.,  nicht  aber  auf  dieerdachten  Reihen  mit 
beschleunigter  Umpragung  zwischen  den  einzelnen  Abteilungen,  so 
miissen  wir  ausserordentlich  grosse  Zeitraume  und  ungezahlte  Ueber- 
gangsformen  fiir  die  vortertiaren  Sanger  fordem.  Aber  selbst  wenn 
wir  uns  von  dem  hemmenden  Boden  der  Erfahrung  und  des  Wissens 
loslosen  und  eine  Geschwindigkeit  der  Umwandlung  ausdenken,  die 
alle  Erfahrung  erheblich  iibersteigt,  so  wird  dadurch  nur  der  fiir  die 
Umbildung  notige  Zeitraum  verkiirzt,  die  ungeheure  Zahl  der  erforder- 
lichen  Zwischenglieder  aber  nicht  vermindert.  Wir  brauchen  dann  die 
Abtrennung  der  Sanger  von  niederen  Vierfiisslern  nicht  in  palaozoische 
oder  gar  vorkambrische  Zeit  zmiick  zu  verlegen,  sondem  diirfen, 
wie  es  meist  gesehieht,  diesen  Zeitpunkt  in  den  Beginn  des  Meso- 
zoikums  oder  vieileicht  gar  in  die  Jurazeit  verlegen,  wo  ja  auch  schon 
die  Vogel  bestanden  haben.  Das  diirfte  aber  wohl  selbst  dem  Freunde 
einer  sehr  beschleunigten  Umwandlung  als  der  jiingste  zulassige 
Termin  erscheinen,  zumal  wenn  er  die  wichtige  Tatsache  nicht 
unberiicksichtigt  lasst,  dass  eine  grosse  Zahl  der  heutigen  Saugerord- 
nungen  schon  im  Eocan  fast  gerade  so  fertig  geprdgt  und  scharf  von 
einander  gesondert  gewesen  sind  wie  heute,  namentlich  auch  solche 
von  ungewohnUcher  Grosse  oder  Art  der  Fortbewegung  und  Lebens- 
weise,  wie  Cetaceen,  Sirenen,  Fledermause. 

Die  Geologic  vermag  keine  befriedigende  Antwort  auf  die  Frage 
zu  geben,  warum  wir  bis  heute  von  den  zahlreichen  geforderten  Vor- 
fahren  der  placentalen  Sanger  aus  der  Kreidezeit  (von  den  fraglichen 
Insectivoren  abgesehn)  nicht  einen  Knochen,  nicht  einen  Zahn  kennen. 
In  Ermangelung  einer  besseren  Erklarung  hat  man  auf  die  Hypothese 
ziuiickgegriffen,  wonach  zur  Jura-Kreidezeit  ein  Festland  im  pazi- 
fischen  Gebiete  bestand,  auf  dem  die  Sanger  sich  bis  zum  Tertiar 
in  weltentriickter  Abgeschiedenheit  entwickelt  haben.  Warum  es 
ihnen  nicht  schon  friiher  mogUch  war,  den  hoheren  Bliitenpflanzen 
zu  folgen,  die  sich  etwa  um  die  gleiche  Zeit  auch  auf  einem  paziflschen 
Festlande  entwickelt  haben  sollen,  und  die  doch  schon  zur  Kreidezeit 
sich  iiber  alle  Festlander  ausgebreitet  haben,  ist  unerfindbar,  zumal 
die  Pflanzenfresser  ihren  Nahrpflanzen  doch  allgemein  zu  folgen 
pflegen.  Warum  mussten  die  Sanger  sich  erst  in  so  zahlreiche  Ord- 
nungen  zerspalten  und  so  spezialisieren,  ehe  sie  sich  ausserhalb  jenes 
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Festlandes  einen  Platz  neben  den  ReptiHen  sichem  konnten,  wozu 
sie  —  nach  der  landlaufigen  Auffassung  —  ihre  hohere  Organisation 
doch  schon  lange  befahigt  haben  soUte?  Alles  Fragen,  —  aber  keine 
befriedigenden  Antworten. 

Das  Problem  verscharft  sich  noch  mehr,  wenn  wir  der  Frage  nach 
der  Abstammung  der  Seesauger  naher  treten.  Schon  im  mittleren 
Eocan  treten  uns  gewaltige  Waltiere  entgegen,  die  nach  Art  der 
heutigen  ausgesprochene  Meerestiere  waren,  und  die  in  Bezug  auf 
ihre  Fortbewegung  wohl  schon  ebenso  spezialisiert  waren  wie  die 
heutigen.  Man  leitet  sie  von  unbekannten  Landsaugem  vom  Typus 
der  primitiven  Raubtiere  (Creodontia)  oder  von  Condylarthra,  den 
supponierten  gemeinsamen  Ahnen  der  Raubtiere  und  Huftiere,  ab. 
Welche  Losung  man  auch  vorziehen  mag,  jedenf alls  wird  man  Webers 
Ausspruch  zustinunen  miissen,  wonach  zweifellos  lange  Zeitraume 
notig  waren,  um  den  Korper  eines  kleinen  Landtieres  in  den  eines 
riesigen  Waltieres  von  rein  mariner  Lebensweise  umzuwandeln. 
Legen  wir  hierbei  gar  die  Erfahrungen  zu  Grunde,  die  wir  iiber  die 
allmahliche  Umbildung  von  Landtieren  zu  mehr  oder  weniger  voU- 
standig  angepassten  Seetieren  bei  den  Meersauriem  oder  bei  den 
Seekiihen  besitzen,  so  kann  der  Zeitraum  einer  ganzen  Formation,  wie 
der  Kreide,  dazu  kaum  geniigt  haben.  WoUen  wir  ims  also  nicht  allzu- 
sehr  mit  jenen  Erfahrungen  in  Widerspruch  setzen,  so  miissen  wir 
fordern,  dass  zur  Kreidezeit  schon  zahlreiche,  grosse  Meerestiere 
bestanden  haben,  die  die  weite  Liicke  zwischen  den  angenommenen 
Landsaugem  und  den  Walen  iiberbriicken.  Nun  kennen  wir  gerade 
die  Meeresablagerungen  der  Kreide,  z.  B.  der  jiingeren  Kreide,  voU- 
standiger  als  die  irgend  einer  andem  Periode  der  Erdgeschichte. 
Wir  kennen  sie  in  weitester  Verbreitung  aus  Europa  und  Asien, 
Nord-  und  Siidamerika,  aus  Australien  und  Neuseeland,  besonders 
auch  ringsum  von  den  Kiisten  des  Pacific,  der-  so  viele  Geheimnisse 
der  organischen  Entwicklimg  decken  soil,  und  gewiss  auch  verhiillt. 
Ueberaus  reiche  Faunen  von  Meeresbewohnern  der  verschiedensten 
Art,  bes.  auch  von  Wirbeltieren  (Fischen  und  Sauriem),  haben  wir 
aus  den  Absatzen  der  jiingeren  Kreide  kennen  gelernt.  Warum  hat 
man  bisher  darin  keine  Spur  jener  Verbindungsglieder  zwischen  Land- 
saugem und  Walen  gefunden,  die  doch  in  den  Kreidemeeren  gelebt 
haben  miissen,  keinen  Knochen,  keinen  Zahnf  Die  Erdgeschichte 
bleibt  stumm  auch  auf  diese  Frage. 

Nun  versuchen  wir  das  Problem  von  einer  andem  Seite  zu  beleuch- 
ten.  Schon  Lamarck  hat  betont,  dass  die  Wale  mehr  reptilienartige 
Merkmale  aufweisen  als  irgend  eine  andere  Saugerabteilung;  neuere 
Forschungen  haben  ihre  Zahl  noch  vermehrt.  Neben  einigen  Merk- 
malen  von  geringerer  Bedeutung,  auf  die  besonders  Albrecht  hingewie- 
sen  imd  deren  Bedeutung  Weber  zu  entkraften  versucht  hat,  moge. 
hier  nur  auf  die  beiden  auffalligsten  hingewiesen  werden,  auf  den 
einfachen  Bau  und  die  Ueberzahligkeit  der  Zahne  und  auf  die  Ueber- 
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zahligkeit  der  Fingerglieder.  Es  fehlt  zwar  nicht  an  Versuchen,  diese 
Erscheinungen  mit  der  gegenwartig  verbreiteten  Auffassung  von  der 
Abstammung  der  Wale  in  Einklang  zu  bringen,  aber  diese  stellen 
doch  Starke  Anforderungen  an  unsere  Einbildungskraft.  Der  Zerfall 
eines  normalen  Saugergebisses  in  die  ungeheure  Zahl  einfacher,  rep- 
tilienartiger  Zahne  eines  Delphins  ist  doch  ein  Vorgang,  den  wir  nur 
deshalb  fiir  moglich  halten,  well  sonst  die  ausgedaehte  Ableitung  der 
Waltiere  aufgegeben  werden  muss.  Warum  soil  denn  fiir  diesen  Fall 
das  Dollo'sche  Gesetz  der  Nichtumkehrbarkeit  der  Entwicklung 
keine  Giiltigkeit  besitzen?  Nicht  anders  liegt  die  Sache  bei  der  Viel- 
gliedrigkeit  der  Finger.  Namentlich  seitdem  wir  durch  Kukental 
wissen,  dass  im  embryonalen  Zustande  nie  weniger,  sondem  gleich- 
viel  oder  gar  mehr  Fingerglieder  auftreten  als  im  Erwachsenen, 
erscheint  die  Ableitung  der  Waltierhand  von  der  normalgliedrigen 
Saugerhand  noch  mehr  erschwert  als  friiher.  Auch  nach  Leboucq's 
Meinung  hat  die  Cetaceenhand  primitive  Merkmale  bewahrt  und 
kann  von  der  normalen  Saugerhand  nicht  abgeleitet  werden. 

Wenn  wir  jetzt  dazu  iibergehen,  das  Problem  der  Ableitung  der 
Waltiere  von  der  palaontologischen  Seite  zu  beleuchten,  so  will  icb 
die  wenig  vollstandigen  Funde  von  alttertiaren  Waltieren  zunachst 
noch  nicht  erortem,  da  wir  sie  spater  besser  verstehen  lemen  werden. 
Vielmehr  frage  ich  zunachst:  Wenn  sich  wichtige  Bedenken  gegen  die 
Ableitung  der  Waltiere  von  Landsaugetieren  erheben,  werden  wir  dann 
nicht  darauf  gewiesen,  die  Frage  emsUich  zu  priifen,  ob  nicht  die 
Meeresreptilien  der  mesozoischen  Zeit  als  ihre  Ahnen  angesprochen 
werden  diirfen.  Trotzdem  die  Forschungen  der  letzten  Jahre  immer 
deutlicher  dargetan  haben,  dass  die  Meersaurier  mit  den  Waltieren 
noch  viel  weitergehende  Uebereinstimmungen  aufweisen,  als  man 
friiher  gewusst  hat,  z.  B.  beziiglich  des  Besitzes  von  Riicken-  und 
Schwanzflossen,  der  Beschaffenheit  der  Gehorknochen  und  der 
Lebensweise,  ist  man  einer  solchen  Untersuchung  doch  nie  emstlich 
naher  getreten.  Diese  befremdliche  Tatsache  lasst  sich  nur  dadurch 
erklaren,  dass  die  Abstammungslehre  in  vieler  Beziehung  einen 
ausgesprochen  orthodoxen  Charakter  angenommen  und  einen  dem- 
entsprechenden  Einfluss  auch  auf  die  Untersuchungsmethoden  der 
von  ihr  beherrschten  Wissenszweige  ausgeiibt  hat.  Das  Dogma  von 
der  einheitlichen  Abstammung  zum  mindesten  aller  placentalen  San- 
ger hat  oflFenbar  jene  Moglichkeit  ganz  ausgeschlossen,  dafiir  aber 
eine  iippige  Litteratur  iiber  Konvergenzerscheinungen  zwischen  Meer- 
sauriern  und  Meersaugem  gezeitigt. 

Drei  grossere  Gruppen  von  Meersauriem  konnen  wir  jetzt  durch 
die  mesozoische  Zeit  hindurch  mehr  oder  weniger  geschJossen  und 
scharf  von  einander  getrennt  verfolgen,  die  Ichthyosaiuia,  die  Ptero- 
saiuia  und  die  Thalattosauria.  Einen  Einblick  in  den  Entwicklungs- 
gang  der  letztgenannten  Gruppe  haben  wir  erst  durch  die  jiingsten 
Forschungen  Merriams  erhalten,  die  uns  die  primitiven  Vorlaufer 
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der  lange  bekannten  Mosasaurier  (Pythonomorphen)  auch  aus  dem 
Trias  aufgedeckt  haben.  Alle  drei  Gruppen  sind  von  vornherein 
durch  eine  Reihe  von  anatomischen  Merkmalen  gut  von  einander 
geschieden,  und  diese  werden  auch  wahrend  der  mesozoisdien  Zeit 
wesentlich  unverandert  beibehalten.  Im  Gregensatz  dazu  andem 
sich  andere^Merkmale  im  Laufe  der  Stammesgeschiehte  bei  alien 
dreien  wesentlich  in  gleichem  Sinne  und  das  sind  diejenigen,  die 
wesentlich  durch  die  endgiiltig  marine  Lebensweise  beeinflusst  werden. 
Tritt  die  Wandlung  eines  dieser  Merkmale  auch  bei  der  einen  Gruppe 
f  ruber,  bei  der  andern  spater  ein,  oder  lasst  sie  sich  bis  zum  Ende  der 
Kreidezeit  gar  nicht  oder  nur  andeutungsweise  feststellen,  so  ist  doch 
die  Richtimg  dieser  Umbildungen  bei  alien  drei  Gruppen  wesentlich 
die  gleiche.  Hierher  gehort  z.  B.  die  Umwandlung  der  normalen 
Gliedmassen  in  Flossen  durch  Verkiirzung  der  proximalen  und  der 
Wurzelelemente  und  doch  Zunahme  der  Finger-  und  Zehenglieder, 
die  Herausbildung  von  Schwanzflossen,  das  Kleinerwerden  der  hin- 
teren  Gliedmassen  u.s.w.  Diese  Erscheinungen  sind  gerade  in  der 
letzten  Zeit  so  reichlich  erortert  und  mit  den  ahnlichen  Umbildungen 
bei  anderen  im  Wasser  lebenden  Vierfiisslem  verglichen  worden,  dass 
ich  nicht  naher  darauf  einzugehen  brauche.  Nur  folgendes  moge 
hervorgehoben  werden:  an  den  Meersauriem  sehen  wir  tatsachlich 
diejenigen  Umbildungen  langsam  entstehen,  die  nach  der  heutigen 
Auffassung  an  den  vorausgesetzten  saugerartigen  Vorfahren  der 
Meersauger  in-  ungewohnlich  kurzer  Zeit  vor  sich  gegangen  sein 
sollen,  und  die  Umbildungen  an  Meersaiuiem  fiihren  allgemein  zwar 
nach  dem  Zustande  hin,  in  dem  uns  die  Meersauger  vom  Alttertiar 
an  entgegentreten,  nicht  aber  uber  ihn  hinaus.  Die  Meersaurier  er- 
scheinen  hiernach  zeitlich  und  stanunesgeschichtlich  als  eine  natur- 
liche  Vorstufe  f iir  die  Meersauger. 

Wir  fassen  nun  zunachst  diejenigen  ^lerkmale  ins  Auge,  durch 
die  sich  die  drei  Meersauriergruppen  von  einander  unterscheiden,  und 
betonen  dabei  die  dauemde  Vereinigung  mehrerer  solcher  Merkmale 
bei  jeder  der  drei  Gruppen.  Sie  sind  auf  der  beigefiigten  Tabelle 
iibersichtlich  aufgefiihrt,  werden  aber  zweckmassiger  Weise  auch 
noch  im  Zusammenhang  besprochen. 

Die  Ichthyosauria  erreidien  nur  eine  relativ  geringe  Korper- 
grosse,  die  sich  i.  Allg.  zwischen  2-5  m  bewegt,  vereinzelt  aber  bis 
etwa  10  m  steigt.  Sie  zeigen  sich  am  friihesten  imd  am  vollstandig- 
sten  an  den  Aufenthalt  im  Meere  angepasst,  was  besonders  in  dc^ 
friihen  Herausbildung  von  Schwanz-  und  Riickenflosse,  m  dem  Klei- 
nerwerden der  hinteren  Gliedmassen  und  in  der  schon  zur  Liaszeit 
senkrechten  Stellung  der  Nasengange  hervortritt.  Am  Schadel  ist 
bemerkenswert  die  Kombination:  langgestreckte  Schnauze  mit  zahl- 
reichen  (bis  iiber  200),  i.  Allg.  gleichen  Zahnen,  die  in  einer  Furche 
stehen,  ein  im  Profil  gerundetes  Hinterhaupt,  ein  zusammengedriickter 
Unterkiefer  mit  mehr  oder  weniger  langer  Symphyse.    Die  Rippen    ^ 
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sind  zweikopfig.  An  den  Gliedmassen  haben  wir  die  Kombination: 
voUstandige  Mittelknochen,  starke  Ueberzahligkeit  der  Fingerglieder 
und  gelegentlich  iiberzahlige  Finger. 

Die  Pleswsauria  sind  durchschnittlich  grosser  (5-15  m).  Der 
Kopf  ist  ausgezeichnet  durch  die  Kombination:  im  Profil  steil  ab- 
gestutztes  Hinterhaupt,  schrage  Nasengange,  geradlinig  zusammen- 
gedriickter  Unterkiefer  mit  mehr  oder  weniger  langer  Symphyse, 
nieht  sehr  zahlreiche,  meist  grosse  und  ungleiche,  fest  gefiigte  Zahne. 
Die  Rumpfrippen  sind  einkopfig,  aber  die  Rippen  des  langen  Halses 
hanfig  zweikopfig.  Mit  einer  normalen  Fingerzahl  kombiniert  sich 
Starke  Ueberzahligkeit  der  Fingerglieder  und  schwach  reduzierte 
Zahl  der  Wurzelknoehen. 

Diese  beiden  Gruppen  von  Meersauriem  stehen  in  vielen  Merk- 
malen  einander  sehr  nahe,  z.  B.  in  der  starken  Ueberzahligkeit  der 
Fingerglieder,  im  Bau  des  Unterkiefers  und  in  der  BeschafFenheit  der 
Zahne.    Die  dritte  Gruppe  dagegen  weicht  erheblieh  von  beiden  ab. 

Die  Thalattosauria  zeigen  folgende  Vereinigung  von  Merkmalen: 
Sie  erreiehen  betrachtliche  Grosse  (12  m).  Ihr  Hinterhaupt  ist  im 
Profil  gerundet,  die  Nasengange  stehen  schrag.  Ausser  den  wenig 
zahlreiehen  Kieferzahnen  sind  Gaumenzahne  auf  Pterygoid  vor- 
handen.  Der  Unterkiefer  ist  eigenartig  gestaltet,  indem  bei  den 
jiingeren  Vertretem  (Mosasauria)  mitten  im  Kieferaste  ein  Querge-, 
lenk  auftritt  und  die  beiden  Aeste  nicht  durch  Symphyse,  sondern 
nur  durch  Band  verbunden  sind.  Durch  diese  beiden  Eigentiimlicb- 
keiten  konnte  der  Unterkiefer  so  stark  ausgeweitet  werden,  dass  der 
Oberkiefer  ganz  in  ihm  Platz  fand  und  die  Zahne  wie  eine  Reuse  beim 
Aufnehmen  der  Nahrung  wirkten.  Das  massive  Quadratbein  ist  ha^ 
kenformig  umgebogen  und  umschliesst  den  Gehorgang.  Die  Glied- 
massen zeigen  stark  reduzierte  Mittelknochen  und  nur  schwache 
Hyperphalangie,  gespreizte  und  nie  iiberzahlige  Finger  oder  Zehen. 

Untersuchen  wir  nun  die  heutigen  Wale  daraufhin,  ob  die  en\^ahn- 
ten  Reptilienmerkmale  bei  ihnen  vorhanden  und  wie  sie  verteilt  sind, 
so  zeigt  sich  folgendes  iiberraschende  Resultat:  Bekanntlich  hebt  sich 
die  Gruppe  der  Bartenwale  so  scharf  gesondert  von  der  Mehrzahl 
der  Wale  ab,  dass  man  fiir  sie  heute  nur  noch  einen  sehr  entfernten 
Zusammenhang  mit  den  iibrigen  Waltieren  anninamt.  Die  Zahnwale 
bilden  daneben  eine  zweite,  viel  umfangreichere,  geschlossene  Gruppe. 
Diese  Scheidung  entspricht  dem  Umfange  nach  dem  weiten  Abstande 
zwischen  den  wenig  formenreichen  Thalattosauriem  einerseits  und 
den  zahlreiehen  Formen  der  Ichthyosaurier  und  Plesiosaurier  andrer- 
seits.    Betrachten  wir  nun  zunachst  die  Bartenwale. 

Wir  treflFen  bei  den  Mystacocoeti  eine  wesentlich  gleiche  Kom- 
bination von  Merkmalen  an  wie  bei  den  Thalattosauriem,  und  gewisse 
Abweichungen  bei  den  Bartenwalen  lassen  sich  vielfach  aus  dem 
primitiven  Zustande  der  Thalattosaurier  ungezwungen  ableiten. 
Mit  der  gewaltigen  Grosse  der  Bartenwale  kombinieren  sich  das 
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gerundete  Hinterhaupt  und  die  schragen  Nasengange.  Die  Unter- 
kieferaste  sind  wie  bei  diesen  Reptilien  nur  durch  Band  verbunden; 
sie  sind  zwar  nicht  mehr  in  sich  gelenkig,  aber  sie  sind  bogig  ausge- 
weitet,  so  dass  der  Oberkiefer  sich  zwischen  sie  hineinsenken  kann. 
Dass  die  Vorfahren  der  Bartenwale  Zahne  besassen,  erscheint  ausge- 
macht,  aber  wie  konnen  wir  uns  einen  geeigneteren  Ausgangspunkt 
f iir  die  Ersetzung  der  Zahne  durch  Barten  und  fur  die  Entstehung 
des  damit  verbundenen  Seihapparates  denken,  als  die  Thalatto- 
saurier,  deren  Oberkiefer  in  den  Unterkiefer  eingesenkt  und  deren 
Gaumenzahne  neben  den  Eaeferzahnen  als  Reusen  wirken  konnten? 
Ganz  unabhangig  von  dieser  Besonderheit  steht  die  ubereinstimmende 
Form  des  Quadratums  der  Thalattosauria  und  der  bulla  ossea  der 
Bartenwale,  auf  die  schon  mehrfach  hingewiesen  worden  ist.  Ebenso 
tnuss  die  Einkopfigkeit  aller  Rippen  bei  Thalattosauriem  imd  bei 
Bartenwalen  als  eine  auflFallende  Uebereinstimmung  verzeichnet 
werden,  da  auch.dieses  Merkmal  zu  den  iibrigen  in  keiner  Beziehung 
steht.  SchliessUch  die  Gliedmassen:  Die  gespreizten,  schwach 
hj'perphalangen  Finger  der  Thalattosaurier  kehren  bei  den  Bar- 
tenwalen in  ahnlicher  Ausbildung  wieder;  z.  B.  finden  wir  bei  diesen 
auch  im  Gegensatz  zu  den  Zahnwalen  die  mehr  oder  weniger  ausge- 
sprochen  symmetrische  Ausgestaltung  des  Handskeletts  der  Thalatto- 
•  saurier. 

Innerhalb  der  Zahnwale  lassen  sich  die  beiden  ungleich  grossen 
Gruppen  der  Physeteroidea  und  Delphinoidea  trotz  weitgehender 
Uebereinstimmungen  i.  Allg.  doch  gut  von  einander  scheiden.  Habi- 
tuell  z.  B.  nach  der  Fonn  des  Hinterhauptes,  das  i.  Allg.  bei  den 
ersteren  stark  erhoht  ist  und  steil  abfallt,  bei  den  letzteren  dagegen 
niedriger  und  gerundet  ist,  ganz  ahnlich  dem  Verhalten  derPlesiosauria 
und  Ichthyosaiuia.  Auch  in  der  Korpergrosse  und  in  der  Art  der  Be- 
zahnung  zeigt  sich  ein  ahnliches  Verhalten;  denn  wie  die  Plesiosauria 
so  sind  auch  die  Physeteroidea  i.  Allg.  durch  Ungleichheit  der  spar- 
licheren  Zahne  ausgezeichnet  gegeniiber  den  Delphinoidea,  die  i.  Allg. 
eine  sehr  grosse  Zahl  gleicher  Zahne  mit  den  Ichthyosauria  teilen. 
Kiikental  hat  gezeigt,  dass  bei  den  Physeteroidea  in  der  mehr  ge- 
raden  Flosse  die  2.  und  3.  Finger  am  langsten  sind,  wahrend  bei  den 
Delphinoidea  die  Flosse  starker  gekriimmt  ist  imd  der  2.  Finger  an 
Grosse  und  Phalangenzahl  die  andem  iibertrifft.  Auch  das  scheint 
nicht  schlecht  zu  harmonieren  mit  dem  ahnlichen  Verhalten  bei  den 
beiden  entsprechenden  Reptilgruppen. 

Bei  einem  Vergleiche  der  Physeteroidea  mit  den  Plesiosauria  er- 
geben  sich  gewisse  Unterschiede,  die  scheinbar  einer  Zuriickfuhrung 
dieser  Saugergruppe  auf  die  entsprechende  Reptilstufe  entgegen- 
stehen,  z.  B.  die  Lage  der  Nasengange,  die  bei  den  Physeteroidea 
senkrecht  stehn,  bei  den  Plesiosauria  dagegen  schrag.  Dieser  Unter- 
schied  kann  jedoch  nicht  weiter  auflallen,  wenn  man  bedenkt,  dass 
die  ausseren  Nasenlocher  bei  den  Walen  im  Laufe  der  Zeit  allgemein 
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nach  hinten  geruckt  sind;  die  fossilen  Funde  zeigen  dann  auch,  wie  wir 
sehen  werden,  dass  ziir  Eocanzeit  bei  den  Physeteroidea  (Archaeocoeti) 
noch  das  altertiimliche  Merkmal  vorhanden  war. 

Die  Delphinoidea  weisen  eine  ungleich  grossere  Mannigfaltig- 
keit  der  Gestaltung  auf  als  die  beiden  anderen  Gruppen  von  Waltieren. 
Schon  hierin  liegt  eine  bemerkenswerte  Uebereinstimmung  mit  den 
lehthyosauria,  denn  auch  diese  enthalten  sehr  verschiedene  Gestal- 
ten,  von  kleinen,  ca.  2  m  grossen  Tieren  an  bis  zu  den  Riesengestalten 
von  mehr  als  10  m  Lange.  Aber  ehe  wir  festzustellen  versuchen,  ob 
imd  wie  weit  die  beiden  Gruppen  auch  im  Einzelnen  libereinstimmen, 
mogen  einige  Merkmale  erwahnt  werden,  die  zumeist  auschliesslich 
bei  lehthyosauria  und  Delphinoidea,  wenn  auch  nicht  allgemein 
verbreitet,*  vorkommen. 

Dahin  gehort  z.  B.  die  Zahnrinne,  in  der  bei  den  Ichthyosauriern 
die  gewohnlich  sehr  zahlreichen  Zahne  eingebettet  liegen.  Bei 
manchen  heutigen  Delphinen,  wie  bei  Phocaena  communis,  stehen 
sie  so  dicht,  dass  sie  nur  durch  diinne,  leicht  zerbrechliche  Knochen- 
lamellengetrennt  werden  (das  kommt  iibrigens  auch  bei  Physeter  vor). 
Aber  bei  mehreren  Platanistiden  (die  die  meisten  altertiimHchen 
Merkmale  bewahrt  haben)  ist  auch  die  Rinne  vorhanden,  bei  Ceto- 
rhynchus  (IVIiocan)  angeblich  der  ganzen  Lange  nach  mit  Zahnen 
bc^etzt,  bei  Agabelus  Cope  (Miocan)  ohne  Zahne,  wahrend  bei 
Eurhinodelphis  (Miocan)  die  Zahnreihe  nach  vorne  in  eine  zahnlose 
Rinne  fortsetzt. 

Die  lehthyosauria  sind  die  einzigen  Reptilien  mit  iiberzahliger 
Fingerzahl.  Bekanntlich  hat  nun  Kiikental  nachgewiesen,  dass  beim 
Embryo  von  Delphinapterus  ein  iiberzahUger  sechster  Finger  von 
handen  ist.  Dieser  hat  dieselbe  Lage  wie  der  grosse  iiberzahlige 
siebente  Finger  bei  Ichthyosaurus  communis.  Dass  nun  diese  in  der 
Saugerwelt  einzig  dastehende  Hyperdaktylie  gerade  bei  einem  Del- 
phin,  und  zwar  in  der  bei  Ichthyosaurus  bekannten  Form,  und  auch 
wie  bei  Ichthyosaurus  communis  an  einer  kurzen,  breiten  Flosse  auf- 
tritt,  ist  gewiss  eine  merkwiirdige  Erscheinung. 

Wenn  man  aber  die  Ueberzahligkeit  bei  Delphinapterus  fiir  eine 
Neubildung  erklart,  wie  das  geschehn  ist,  so  miisste  doch  ein  bestimm- 
ter  Grund  fiir  eine  solche  Deutung  vorliegen;  das  ist  aber  meines 
Wissens  nicht  der  Fall.  Im  Gegenteil,  da  nach  Kiikental  ein  geson- 
dertes  Band  sowohl  auf  der  Innenseite  wie  an  der  Aussenseite  an  den^ 
sechsten  Finger  geht,  kann  es  sich  doch  wohl  nur  um  eine  rudimentare* 
Bildung  handeln. 

Bei  einigen  Delphiniden,  z.  B.  bei  Phocaena  und  Neomeris,  sowie 
bei  der  nahestehenden  jungmiocanen  Delphinopsis  hat  man  bekannt- 
lich am  Vorderrande  der  Brustflossen  imd  der  Riickenflosse  oder 
auch  an  den  Seitenrandern  der  Schwanzflosse  das  Auftreten  kleiner, 
bald  mehr,  bald  weniger  kalkhaltiger  Plattchen  oder  Tuberkeln 
beobachtet.   Man  hat  daraus  sogar  den  kiihnen  Schluss  gezogen,  dass 
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die  Vorfahren  der  Wale  zur  Kreidezeit  panzertragende  Landsauger 
gewesen  seini  1st  es  wieder  ein  reiner  Zufall  iind  nur  Konvergenz, 
dass  ahnliche  Gebilde  unter  den  Meeresreptilien  bisher  nur  an  den 
paarigen  Flossen  zweier  Arten  von  Ichthyosaurus  nachgewiesen 
worden  sind? 

Femer  finden  sieh  bei  manchen  Delphiniden,  z.  B.  bei  Phocaena 
communis,  auffallend  kurze  und  zahlreiche  Wh-belkorper;  sie  gleichen 
sehr  den  bekannten  Ichthyosaurier  —  Wirbelkorpem  von  damen- 
brettartiger  Form,  wahrend  die  Wirbelkorper  sowohl  der  Thalatto- 
sauna  und  Plesiosaiuia,  als  auch  der  Bartenwale  imd  Physeteroidea, 
nie  diese  bezeichnende  Gestalt  aufweisen. 

Ruckenflossen  kommen  Waltieren  aus  alien  drei  Gruppen  zu; 
aber  die  starkste  Entwicklung  erfahren  sie  bei  manchen  Delphiniden 
von  rein  mariner  Lebensweise,  wie  beim  Schwertwal  (Orca).  Nun 
wissen  wir,  dass  die  Ichthyosaurier  schon  zur  Jurazeit  z.  T.  sehr 
stark  ausgebildete  Ruckenflossen  besessen  haben,  wahrend  iiber  das 
Auftreten  einer  Riickenflosse  bei  den  beiden  andem  Reptilgruppen 
nichts  bekannt  ist. 

Eine  Furche  an  der  Aussenseite  des  Unterkiefers  ist  nur  bei 
Delphinoidea  beobachtet  worden;  unter  den  Meeresreptilien  sind 
bekanntlich  nur  die  Ichthyosauria  durch  dies  Merkmal  ausgezeichnet. 

Um  nicht  einformig  zu  werden,  will  ich  diesen  ausgiebigen  Ge- 
genstand  nicht  ganz  erschopfen,  und  zu  einer  kurzen  Besprechung 
einzelner  Gruppen  der  Delphiniden  iibergehen.  Ich  hebe  einige  be- 
sonders  auffallige  Typen  hervor.  Das  sind  einmal  die  Platanistiden. 
Sie  sind  Bewohner  des  sussen  Wassers,  und  wirmussten  daher  erwarten, 
dass  sie  die  urspriinglichen  Saugermerkmale  am  besten  festgehalten 
batten,  wenn  die  Waltiere  aus  Landsaugem  entstanden  waren.  Nun 
besitzen  aber  gerade  sie  eine  sehr  lange,  schmale  zusanMnengedriickte 
Schnauze,  durchgangig  zahlreiche  Zahne  und  eine  sehr  lange  Unter- 
kiefersymphyse;  zudem  kommen  allein  bei  ihnen  unter  alien  Del- 
phinoidea die  schon  erwahnten  Ichthyosaurien-Merkmale  vor:  eine 
Zahnrinne  und  die  Aussenrinne  des  Unterkiefers. 

Wir  finden  also  gerade  das  Gegenteil  von  dem,  was  wir  erwarten 
sollten:  nicht  Merkmale  von  raubtierartigen  Landsaugem  haben  die 
Siisswasserdelphine  im  Vergleich  zu  ihren  marinen  Verwandten  be- 
wahrt,  sondem  lauter  solche  Merkmale,  die  die  Ichthyosaurier, 
.und  insbesondere  eine  kleine  Gruppe  von  ihnen,  auszeichnen.  Ver- 
standlich  wird  dies  Verhalten  sofort,  wenn  wir  die  Platanistiden  als 
Nachkommen  der  meeresbewohnenden  Ichthyosaurier  auflFassen, 
die  ins  Siisswasser  iibergegangen  sind.  Sie  riicken  dann  in  dieselbe 
Kategorie  von  Siisswasserformen  mit  primitiven  Merkmalen,  wie 
die  Panzersiluriden,  Ceratodus,  Lepidosteus,  Amia  u.s.w.,  die  als 
Siisswasserbewohner  ebenfalls  mit  altertiimlichen  Merkmalen  behaf- 
tet  geblieben  sind,  wahrend  ihre  Verwandten  den  umbildenden  Ein- 
fliissen  des  Meeres  ausgesetzt  und  verandert  worden  sind.    Wahrend 
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nun  die  Platanistiden  mit  ihrer  geringen  Korpergrosse,  ihrer  langen 
Schnauze  und  Unterkiefersymphyse  und  mit  den  zahlreichen,  spitzi- 
gen,  z.  T.  fast  nadelformigen  Zahnen  sich  der  Gruppe  der  kleinen 
langschnauzigen  Ichthyosaurier  (Ichth.  tenuirostris)  ungezwungen 
zur  Seite  stellen,  findet  der  seit  Obermiocan  nieht  mehr  bekannte 
Eurhinodelphis  mit  meterlangem  Schadel  und  enorm  verlangerter 
Schnauze  sein  Gegenstiick  in  der  Gruppe  des  5  m  langen  Ichthyo- 
saurus longirostris,  dessen  Schnauze  ahnlich  unproportioniert  ist. 

Das  andere  Extrem  der  Delphinidae  sind  die  Orcidae  (Orca,  * 
Pseudorca),  -bekanntUch  bis  10  m  grosse  Meerestiere,  mit  kurzer 
Sjinphyse  und  nicht  sehr  zahlreichen,  aber  sehr  starken  und  ent- 
femt  stehenden  Zahnen.  Die  gleiche  Kombination  derMerkmale  triflFt 
man  bei  der  Gruppe  gewaltiger  Ichthyosaurier  wieder,  die  durch 
Icht.  ingens  Theod.  u.  Vorw.  bezeichnet  wird;  nur  sind  die  Zahne 
hier  zahlreicher. 

Diese  Beispiele  diirften  geniigend  dartun,  dass  die  Kombination 
bestin^nter  Alerlonale  sich  nicht  etwa  nur  auf  die  Gruppen  der 
Ichthyosaurier  und  Delphinoidea  im  Allgemeinen,  sondem  auch  auf 
einzelne  Abteilungen  derselben  erstreckt.  Sie  fiihren  uns  zugleich 
die  Tatsache  vor,  dass  Formenfiille  und  Variationsbreite  sich  bei 
beiden  in  bemerkenswerter  Weise  decken. 

Die  fossilen  Wale,  i.  b.  die  wenigen  alttertiaren  Reste,  die  man 
bis  jetzt  kennt,  liefem  nach  der  Ansicht  mancher  Forscher  eine 
wdchtige  Stiitze  fiir  die  Ableitung  der  Wale  von  raubtierahnlichen 
Landtieren.  Wie  stellen  sich  denn  diese  wesentlich  nur  aus  Schadeln 
bestehenden  Reste  zu  der  Ableitung  aus  den  Meeresreptilien?  Fiir 
die  eocanen  Archaeocoeti  und  Protocoeti  ist  vor  alien  zu  betonen, 
dass  verschiedene  Merkmale,  die  als  solche  von  Landsaugern  bezeich- 
net werden,  mindestens  mit  der  gleichen  Berechtigung  als  solche  von 
ISIeersauriem  angesehen  werden  konnen,  wie  die  voUstandige  Be- 
zahnung  der  Kiefer,  die  nach  vom  geriickte  Lage  der  Nasenlocher 
u.  a.  m.  Ebensowenig  darf  die  Vielwurzeligkeit  der  Zahne  als  ein 
ausschHessliches  Saugermerkmal  aufgefasst  werden,  denn  es  kommt 
auch  bei  Reptilien  (Ceratopsiden)  vor.  Manche  Merkmale  sind  aber 
als  reptilienartig  zu  bezeichnen  imd  harmonieren  schlecht  mit  einer 
Ableitung  von,  Creodontiern  oder  ahnlichen  primitiven  Saugern,  so 
die  betrachtliche  postorbitale  Verbreiterung  der  Stim,  die  den  gera- 
den,  nicht  bogig  ausladenden  Jochbogen  deckt,  die  Form  des  Unter- 
kiefers  und  die  flachen,  dreieckigen,  an  Vorder-  und  Hinterrand 
vielfach  gekerbten  Zahne.  Bei  Saugern  finden  sich  derartige  Zahne 
nicht,  wohl  aber  ahnlich  bei  lebenden  und  fossilen  Reptilien,  wie 
Iguana,  Iguanodon,  Scelidosaurus,  Trachodon.  Dieser  ausgespro- 
chenen  Aehnlichkeit  mit  Reptilzahnen  steht  freilich  die  Tatsache 
gegeniiber,  dass  die  Backzahne  der  Protocoeti  gewisse  Anklange  an 
das  Gebiss  von  Creodontiern,  i.  b.  Sinopa  aufweisen;  doch  geht  diese 
Uebereinstinunung  nicht  sehr  weit,  und  es  ist  wohl  mehr  Geschmacks- 
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sache,  wie  man  sie  im  Vergleich  zu  der  Reptilahnlichkeit  der  Archaeo- 
coetenzahne  einschatzen  will.  Dass  die  z.  T.  gewaltige  Grosse  der 
Archaeocoeti,  die  der  grossen  Plesiosauria  und  der  Pottwale  gleich- 
kommt,  selbst  mit  einer  unheimlieh  raschen  Herausbildung  aiis  fuehs- 
grossen  Landtieren  einer  unmittelbar  vorhergehenden  Zeitperiode 
schwer  zu  vereinen  ist,  wurde  schon  bemerkt.  Besonders  wichtig  fiir 
die  Auffassung  der  eocanen  Wale  scheint  mir  aber  die  Tatsache  zu 
sein,  dass  man  sie  nach  der  Bezahnung,  nach  der  Form  des  Schadels, 
nach  dem  Vorhandensein  einer  Unterkiefersymphyse  und  nach  der 
Zweikopfigkeit  der  Rippen  ohne  weiteres  in  die  Linie  einreihen  kann, 
die  ich  von  den  Plesiosauria  zu  den  Physeteroidea  gezogen  habe,  ohne 
dabei  diese  Funde  von  zwisehenliegendem  Alter  zu  beriicksiehtigen. 

Die  zweite  Gruppe  altertiimlicher  Wale  (Eocan  bis  Miocan)  sind 
die  Squalodontidae.  Sie  sind  nach  dem  gerundeten  Hinterhaupt 
der  verlangerten  Schnauze,  den  zahlreichen  Zahnen  u.  a.  m.  ebenso 
ausgesprochene  Delphinoidea,  wie  die  Archaeocoeti  Physeteroidea 
sind;  das  haben  schon  Lydekker  und  Zittd  ausdriicklich  hervorge- 
hoben.  Man  darf  sie  daher  auch  nicht  als  Nachkommen  der  Archaeo- 
coeti betrachten.  Aber  sie  zeigen  gleich  diesen  dreieckige,  blattf  ormige 
Hinterzahne  mit  gekerbten  Kanten.  Dass  sich  diese  Art  der  Zahn- 
bildung  in  den  beiden  getrennten  Reihen  der  Ichthyosauria-Del- 
phinoidea  und  der  Plesiosauria-Physeteroidea  unabhangig  heraus- 
gebildet  habe,  erscheint  nicht  weiter  auflFallig,  da  wir  sie  auch  bd 
Reptilien  und  Fischen  wiederfinden.  Warum  wird  sie  bei  den  jiingeren, 
speziell  bei  den  lebenden  nicht  mehr  beobachtet?  Da  die  blattfor- 
migen  Kerbzahne  nur  hinten  im  Kiefer  erscheinen,  wahrend  die 
vorderen  Zahne  kegelformig  bleiben,  so  diirften  in  beiden  Gruppen 
die  Nachkommen  heute  unter  zahnlosen  oder  unter  solchen  Formen 
zu  suchen  sein,  deren  Kiefer  nur  noch  vom  Zahne  tragen,  wie  die 
Ziphiinae,  Delphinapterus,  Globiocephalus  u.  a.  Die  embryonalen 
Hinterzahne  von  Phocaena  besitzen  nach  Kiikental  ebenfalls  blatt- 
formige  Verbreiterungen  mit  seitlichen  Kerben,  und  ahneln  dadurch 
in  gewissem  Grade  den  Squalodonzahnen. 

Die  Fimde  von  fossilen  Walen,  sowohl  die  eben  besprochenen 
altertiimlichen,  als  auch  die  jiingeren,  die  sich  den  lebenden  Vertre- 
tern  ausserordentlich  enge  anschliessen,  lassen  sich,  wie  mir  scheint, 
mit  der  hier  vertretenen  Art  ihrer  Abstammung  weit  besser  in  Ein- 
klang  bringen,  als  mit  der  jetzt  iiblichen.  Sie  gehen  so  gut  wie  restlos 
darin  auf ,  wahrend  die  andere  Auffassung  eine  Reihe  ungewohnlicher 
und  schwer  begreiflicher  Vorgange  voraussetzt,  die  plotzliche  Heraus- 
bildung vollstandig  angepasster  Meerriesen  aus  kleinen  Landsaugem, 
Vermehrung  der  Zahne  und  Verlangerung  der  Kiefer,  im  offenen 
Widerspruch  mit  sonst  beobachtbaren  Vorgangen  bei  Wassersaugem 
und  so  vieles  andere. 

Besonders  schwer  lasst  sich  mit  der  jetzt  herrschenden  Auffas- 
sung die  oben  ausfiihrlich  dargelegte  Tatsache  vereinigen,  dass  bei  den 
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Meersaugem  eine  grosse  Reihe  von  Erscheinungen  wiederkehrt,  die 
bei  den  alteren  Meersauriem  auftreten.  Soweit  es  sieh  dabei  um 
Merkmale  handelt,  die  nur  ein  Ausfluss  der  gleichen  Lebensweise 
beider  Organisationsstufen  sind,  kommen  sie  fiir  hier  nicht  in  Be- 
tracht.  Ratselhaft  erscheint  nur  die  Wiederkehr  rein  morpholo- 
gischer  Merkmale,  die  nicht  durch  die  Lebensweise  hervorgemfen 
sein  konnen. 

Diese  konnen  zureichend  als  Konvergenzen  erklart  werden;  wo- 
bei  es  immerhin  als  hochst  auffallig  bezeichnet  werden  muss,  dass 
die  Wale,  soweit  wir  iiber  ihre  Vorgeschichte  unterriehtet  sind,  etwa 
mit  der  Hohe  von  Umbildung  beginnen,  auf  der  die  Meersaurier  am 
Ende  der  mesozoischen  Zeit  angelangt  waren.  Aber  es  fehlt  uns 
jede  Erklarung  fiir  die  Wiederkehr  jener  Merkmale,  und  besonders 
der  dauernden  Vereinigung  verschiedener  Merkmale,  die  von  der 
marinen  Lebensweise  vollstandig  unabhangig  erscheinen.  Welch 
merkwiirdiger  Zufall  sollte  es  gefiigt  haben,  dass  bei  der  Heraus- 
bildung  der  Landsauger  wieder  gerade  drei  Gruppen  entstanden  sind, 
von  denen  die  eine,  verhaltnismassig  kleine  (Mystacocoeti),  den 
beiden  andem,  in  mehrfacher  Beziehung  iibereinstimmenden  Grup- 
pen (Odontocoeti)  scharfer  abgesondert  gegeniibersteht?  Dass  in  den 
beiden  Abteilungen  der  Odontocoeti  sich  wieder  gerade  die  Kombina- 
tion  von  Merkmalen  wiederholt,  die  sich  zu  einer  weit  zuriickliegen- 
den  Zeit  im  friihesten  Stadium  der  Reptilwerdung  bei  Ichthyosauria 
imd  Plesiosauria  eingestellt  haben.  Eine  wiederholte  Entstehung 
derselben  morphologischen  Merkmale  auf  gleicher  Grundlage,  etwa 
im  Sinne  der  iterativen  Artbildung  Kokens,  konnen  wir  begreifen;  fiir 
eine  derartige  weitgehende  Mimicry,  wie  der  Darwinist  vielleicht 
sagen  wiirde,  fehlt  uns  aber  jedes  Verstandnis.  Sind  wir  also  vor  die 
Entscheidung  gestellt,  ob  wir  diese  Erscheinung  auf  Vererbung 
zuriickfiihren  soUen,  oder  ob  wir  irgend  eine  andere,  in  jedem  Falle 
imwahrscheinliche  Erklarung  zu  Hilfe  nehmen,  so  kann  die  Wahl 
nicht  zweifelhaft  sein. 

Wir  haben  die  Fra'ge  nach  dem  Ursprung  der  Waltiere  von  drei 
verschiedenen  Standpunkten  aus  zu  priifen  versucht,  vom  geolo- 
gischen,  vom  vergleichend  anatomischen  und  vom  palaontologischen. 
In  alien  drei  Fallen  haben  wir  das  gleiche  Ergebnis  zu  verzeichnen: 
das  geologische  Auftreten,  wie  die  uns  bekannten  Eigentiimlichkeiten 
der  lebenden  und  fossilen  Wale  lassen  sich  weitaus  besser  verstehen, 
wenn  wir  sie  von  den  realen  Gestalten  der  drei  Meersauriergruppen 
der  mesozoischen  Zeit  herleiten,  als  wenn  wir  sie  auf  unbekannte 
Landtiere  der  Kreide  oder  des  altesten  Tertiars  zuriickfiihren.  Es 
braucht  nach  den  obigen  Ausftihrungen  kaum  noch  besonders  her- 
vorgehoben  zu  werden,  dass  wir  uns  die  Abstanunung  iiberhaupt 
nicht  nach  det  landlaufigen  Art  und  Weise  vorstellen,  d.  h.  nicht 
durch  Abzweigung  je  einer  Uebergangsform  von  den  drei  Gruppen 
der  Meersaurier,  aus  der  dann  durch  weit  ausholende  Veranderlichkeit 
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die  FormenfuUe  jeder  einzelnen  der  drei  Gruppen  von  Meersaugem 
entstanden  ware,  vielmehr  in  der  Weise,  da^s  aus  alien  Arten  der 
drei  Gruppen  von  Meeresreptilien  an  Grosse,  Habitus  imd  anato- 
misehem  Bau  ganz  ahnliche  Meersauger  geworden  sind  (soweit  nicht 
eben  einzelne  Arten  durch  Naturvorgange  vernichtet  und  von  der 
Weiterentwicklung  ausgeschaltet  worden  sind). 

Verhindert  audi  die  Durftigkeit  des  fossilen  Materials,  heute 
schon  den  Nachweis  hierfiir  im  Einzelnen  zu  fiihren  (Anhaltspunkte 
dafiir  sind  schon  reichlich  vorhanden),  so  darf  doch  diese  Art  des 
Umbildungsvorgangs  als  die  einzig  mogliehe  gelten,  denn  nur  wenn 
wir  jede  einzelne  Walform  mit  einer  an  Grosse,  Habitus  u.s.w.  ahn- 
liehen  alteren,  und  diese  wieder  mit  einer  einzelnen  entsprechenden 
Saurierform  in  Verbindung  bringen,  losen  sich  alle  Schwierigkeiten 
leicht  und  einfach,  die  die  jetzige  Auffassung  so  schwer  begreiflich 
machen;  lassen  doch  auch  weder  die  Physeteroidea  noch  die  Del- 
phinoidea  ein  Konvergieren  nach  einer  gemeinsamen  Ausgangsfonn 
erkennen. 

Meine  Auffassung  steht  also  im  voUstandigsten  Gregensatz  zu 
der  jetzt  iiblichen.  Nicht  durch  Abspalten  einer  "Urform"  sind  die 
Sanger  aus  den  Reptilien  hervorgegangen,  sondem  es  sind  alle  die 
Sauriergruppen  der  mesozoischen  Zeit,  soweit.  sie  nicht  bis  heute 
auf  der  Stufe  der  Reptilien  stehen  gebUeben  sind,  zu  Saugem  ge- 
worden, und  dieser  Umbildungsvorgang  hat  sich  nicht  an  einzelnen 
auserlesenen  Formen  voUzogen,  sondem  ist  im  breiten  Strome  der 
vorhandenen  Ordnungen,  Familien  und  Arten  oder  gar  Rassen  erfolgt 
Wahrend  man  heute  allgemein  annimmt,  dass  der  Saugertypus, 
wenigstens  der  placentale,  nur  ein  einziges  Mai  im  Laufe  der  Zeit 
entstanden  ist,  dass  dagegen  die  Mannigfaltigkeit  der  FormgestaJ- 
tung  sich  oft  bis  in  den  kleinsten  Einzelheiten  iibereinstimmend  in 
aufeinander  folgenden  Organisationsstufen,  wie  Reptilien  und  Sanger 
wiederholt  hat,  gilt  mir  die  auf  einer  niederen  Organisationsstufe 
einmal  entstandene  Form  als  das  Bestandige  und  nur  in  geringem 
Maasse  Umbildbare,  die  Organisationsstufe  dagegen  als  das  bei  alien 
Formen  im  Laufe  der  Zeit  im  gleichen  Sinne  Veranderliche,  wenn 
gleiche  Bedingungen  andauemd  auf  sie  einwirkten.  Hiernach  ist  die 
Entstehung  einer  neuen  Organisationsstufe  nicht  das  mehr  oder 
minder  zufallige  Erzeugnis  einer  gelegentUch  auftretenden  Variation 
und  der  Gunst  der  zufalligen  Umstande,  die  gerade  diese  Variation 
vor  dem  Untergange  durch  die  nie  ganz  ausschaltbaren  geologischen 
Vorgange  geschiitzt  hat.  Sie  ist  vielmehr  ein  notwendiges,  und 
damit  gesetzmassiges  Produkt,  der  Abschluss  einer  allmahlichen 
Umbildung  durch  eine  bestimmte  Lebensweise,  einer  Umbildung, 
die  alle  davon  ergriffenen  Individuen  im  gleichen  Sinne  betroffen  hat 
Zweifellos  ist  die  Umbildung  der  Meersaurier  in  Meersauger  nicht 
bei  alien  Vertretem  zu  gleidber  Zeit  eingetreten,  wohl  aber  kdnnen 
wir  begreifen,  dass  dieser  Vorgang  sich  innerhalb  eines  nicht  zu  eng 
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bemessenen  Zeitraums  abgespielt  hat,  da  die  drei  Gruppen  von  Mee- 
resreptilien,  soweit  wir  wissen,  wahrend  des  grossten  Teils  der  me- 
sozoischen  Zeit  wesentlich  unter  den  gleichen  Lebensverhaltnissen 
bestanden  haben.  Wie  lang  wir  den  Zeitraiim  veranschlagen  soUen, 
der  die  jiingsten  Meeresbildungen  der  Kreide  mit  ihren  Resten  von 
Meersauriem  vom  mittleren  Eocan  mit  den  altesten  Resten  von  Phy- 
seteroidea  trennt,  wissen  wir  nicht;  er  kann  immerhin  viel  grosser 
sein  als  wir  gewohnlich  meinen.  Aber  in  diesen  Zeitraum  hinein 
fallen  dann  innerhalb  jeder  der  drei  Gruppen  die  wiehtigsten  Umbil- 
dungen  im  Skelett,  bis  im  Kopfskelett,  durch  die  sich  Reptilien  und 
Sanger  von  einander  unterscheiden:  Aussehaltung  des  Quadratbeins 
aus  dem  Kiefergelenk,  Verschmelzung  der  Unterkieferknochen  und 
Verkiirzung  des  Kiefers,  Bildung  eines  doppeltem  Gelenkkopfs  am 
Hinterhaupt  u.s.w.,  wahrend  iiber  die  Aenderung  der  Fortpflanzung 
und  der  damit  zusammenhangenden  Merkmale  nichts  genaues  be- 
kannt  ist.  Niur  von  den  Ichthyosauriem  wissen  wir  bestimmt,  dass 
sie  zur  Liaszeit  schon  lebendig  gebarten  und  dass  die  Reduktion  der 
Wirbelsaule  innerhalb  der  noch  senkrechten,  aber  beim  Gebrauche 
wohl  umgelegten  Schwanzflosse  schon  recht  weit  vorgesehritten  war. 
Fiir  eine  richtige  Beurteilung  der  Frage,  die  uns  hier  beschaftigt, 
i.  b.  der  gesetzmassigen  Umwandlung  der  Reptilien  in  Sanger,  scheint 
mir  noch  folgende  Betrachtung  von  Wichtigkeit  zu  sein.  Von  den 
zahlreichen  Ordnungen  der  Saurier,  die  das  Wasser,  das  Land  und 
die  Luft  wahrend  des  grossten  Teils  der  mesozoischen  Zeit  bevolkert 
haben,  bestehn  nur  wenige  kaum  verandert  bis  heute:  Crocodilia  und 
Testudinata,  deren  Entwicklungsgang  wir  ziemlich  voUstandig  ken- 
nen,  Lacertilia  und  Ophidia,  iiber  deren  Vorgeschichte  wir  nur  sehr 
mangelhaft  unterrichtet  sind.  Diese  Abteilungen  haben  die  ursprung- 
liche  Lebensweise  der  Kriechtiere  beibehalten,  es  sind  trage  Tiere 
mit  langsamen  oder  doch  nur  voriibergehend  hastigen  Bewegungen 
xxad  mit  wenig  kontinuirlicher  Nahrungsauf nahme.  Dieser  entspricht 
das  Fehlen  einer  erhohten  und  bestandigen  Korpertemperatur,  die 
ja  physiologisch  nur  durch  reichUche  und  fortgesetzte  Nahrungs- 
aufnahme  erhalten  werden  kann,  wie  das  auch  tiefe  Herabsinken 
der  Korpertemperatur  bei  Saugern  im  Winterschlaf  zeigt.  Die 
liberwiegende  Zahl  der  mesozoischen  Saurierordnungen  ist  "aus- 
gestorben."  Das  sind  gerade  diejenigen,  die  schon  friih,  namlich 
zur  Triaszeit,  eine  erhohte  Beweglichkeit,  sei  es  auf  dem  Lande,  im 
Wasser  oder  in  der  Luft,  erlangt  hatten;  damit  ging  aber  auch  zwei- 
fellos  eine  vermehrte  Nahnmgsaufnahme  Hand  in  Hand  und  die 
Folge  musste  eine  Zunahme  und  Konstanz  der  Korpertemperatur 
sein.  Sie  waren  somit  sicher  auf  dem  Wege  zu  Wannbliitigkeit, 
einem  Merkmale  der  Vogel  und  Sanger,  die  wir  von  ihnen  ableiten. 
Femer  ist  jede  dieser  "ausgestorbenen"  Sauriergruppen  in  ihren 
Funktionen  und  damit  auch  in  ihrem  anatomischen  Baue,  im  Laufe 
der  Zeit  inuner  mehr  einem  Typus  naher  gekommen,  wie  wir  ihn 
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heute  und  schon  von  Beginn  der  Tertiarzeit  an  bei  Saugern  und 
Vogeln.realisiert  sehen,  die  drei  Meersauriergruppen  den  drei  Wal- 
gruppen,  die  Flugsauriera  den  Fledermausen,  die  Dinosaurier  teils 
den  Laufvogeln,  teils  den  Landsaugem;  auch  in  der  Richtung  der 
Beuteltiere  und  in  der  der  Flugvogel  hat  sich,  wie  Archaeopteryx 
lehrt,  die  Entwicklung  bewegt.  Sind  das  alles,  wie  man  heute  meint, 
nur  mislungene  Versuche  der  Natur,  dann  diirfen  wir  wohl  nicht 
hoffen,  sie  jemals  zu  begreifen.  Denn  dann  ist  die  Schdpfung  nicht 
eine  Einheit,  sondem  es  klaffen  in  ihr  tiefe  Abgriinde,  die  keine 
Naturphilosophie  wirklieh  zu  iiberbriicken  vermag. 

Ich  habe  an  einem  Beispiele  zu  zeigen  versucht,  wie  ein  Teil  des 
Abgrundes,  der  in  der  Entwicklung  der  Vierfiissler  klaflFt,  iiberbriickt 
werden  kann,  und  wie  es  zahlreiche  Tatsachen  zeigt,  die  einen  sol- 
chen  Versuch  rechtfertigen.  Es  wiirde  zu  weit  fiihren,  wenn  ich 
darlegen  woUte,  dass  das  Gleiche  bei  zahlreichen  anderen  Tiergruppen 
und  auch  bei  den  Pflanzen  in  ahnlicher  Weise  durchfiihrbar  ist,  bei 
manchen  sogar  ofiFenkundig  mit  noch  mehr  Erfolg  als  es  hier  geschehn 
konnte.  Es  muss  auch  einer  andem  Gelegenheit  iiberlassen  bleiben, 
darzulegen,  wie  sehr  die  verschiedenartigsten  Teile  der  biologischen 
Wissenschaften,  die  Systematik,  wenn  sie  sich  auf  genetischer 
Grundlage  aufbauen  soil,  die  Tier-  und  Pflanzengeographie,  i.  b.  aber 
das  Wesen  und  die  letzten  Ziele  der  Abstammungslehre  von  einer 
solchen  AuflFassung  beriihrt  werden,  wenn  man  sie  auf  die  gesammte 
Schopfung  ausdehnt. 

Die  Abstammungslehre  hat  nicht  ohne  Grund  in  den  letzten  Jah- 
ren  bei  Laien  viel  von  ihrem  Nimbus  eingebiisst,  denn  sie  hat  das 
nicht  gehalten,  was  sie  versprochen  hat,  uns  die  gesammte  Natur  in 
ihrem  Entwicklungsgang  begreiflich  zu  machen.  Wir  sind  eben,  wie 
ich  meine,  bis  heute  zu  sehr  im  Banne  von  Dogmen  verstrickt  ge- 
bUeben,  die  zwar  ungeheure  Anregunggebracht,sich  aberumsoweniger 
begriindet  erwiesen  haben,  je  langer  man  versucht  hat,  sie  als  richtig 
zu  erweisen.  Ich  meine  i.  b.  die  natiirUche  Auslese  und  die  mono- 
phyletische  Art  der  Abstanunung.  In  vordarwinischen  Zeiten  sind 
wie  mir  scheint  die  Verteter  der  Abstammungslehre  der  Natur  oft 
weniger  befangen  gegeniibergestanden  als  es  heute  meist  der  Fall  ist, 
wo  uns  die  Fulle  des  Materials  schier  erdriickt.  In  dieser  Beziehung 
konnen  wir  Epigonen  von  den  Begriindern  der  Abstammungslehre  i. 
b.  von  Lamarck  noch  heute  lemen.  Mir  ist  aber  aus  den  Schriften 
dieses  bedeutenden  Mannes  unter  anderen  ein  Satz  in  Erinnenmg 
geblieben,  den  ich  dieser  Mitteilung  als  rechtfertigendes  Motto  hatte 
voransetzen  konnen: 

"Lorsqu'on  reconnait,  qu'une  chose  est  utile,  qu'elle  est  meme 
indispensable  pour  le  but,  qu'on  se  propose  et  qu'elle  n'a  point  d'in- 
convlnients,  on  doit  se  h&ter  de  Texfeuter,  quoiqu'elle  soit  contraire 
d  Tusage." 
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EVOLUTION  AS  IT  APPEARS  TO  THE 
PALEONTOLOGIST 

HENRY  FAIRFIELD  OSBORN 

I  DESIRE  to  introduce  this  paper  by  the  statement  of  a  law  which 
seems  to  be  axiomatic,  although  it  b  largely  ignored  by  biologists. 
I  may  term  it  the  law  of  the  four  inseparable  factors. 

TTiese  four  factors  in  the  fife  of  organisms  are  known  to  us  under 
the  terms  heredity,  ontogeny,  environment  and  selection.  The  fol- 
lowing statement  regarding  these  factors  expresses  the  law: 

1.  The  life  and  the  evolution  of  organisms  invariably  center  around 
processes  which,  in  our  observations,  are  grouped  under  heredity, 
ontogeny,  environment  and  selection. 

2.  These  have  been  inseparable  and  interacting  from  the  beginning. 

3.  A  change  introduced  through  any  one  of  these  factors  causes  a 
change  in  all. 

This  I  believe  to  be  the  most  fundamental  law  of  biology;  far 
more  fundamental  than  the  well-known  biogenetic  law.  Yet  a  sur- 
vey of  recent  discussion  among  biologbts  as  to  the  theory  of  evolu- 
tion shows  broad  lines  of  division  into  several  schools  of  opinion 
strictly  according  to  the  factor  from  which  the  subject  has  been  ap- 
proached either  theoretically  or  in  observation  and  experiment.  It 
is  demonstrable  that,  conceiving  any  one  of  these  principal  factors 
as  separable,  we  become  involved  in  endless  diflBculties;  conceiving 
them  as  inseparable  and  continuously  interacting  under  natural  con- 
ditions, we  reach  the  true  conception  of  the  evolution  process.  Of 
these  four  factors  selection  is  the  only  one  which  can  be  experiment- 
ally separated  through  the  agency  of  man;  heredity,  ontogeny  and 
environment  may  be  modified  but  they  can  not  be  separated. 

I  shall  not  stop  here  to  demonstrate,  as  will  be  done  elsewhere, 
that  changes  may  be  initiated  or  find  a  gateway  through  either  one 
of  these  four  factors ;  I  shall  state  simply  that  under  certain  circum- 
stances heredity,  under  other  circumstances  ontogeny,  under  still 
others  environment,  or  finally  under  selection,  a  new  order  of  adpist- 
ments  begins  in  animxds  and  plants  and  a  new  series  of  characters 
appears.  When  such  a  new  order  sets  in  originally  through  any 
one  of  these  factors  a  readjustment  of  all  the  otibers  sooner  or  later 
ensues. 
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There  are  two  related  laws  which  I  personally  regard  as  demon- 
strated, although  they  have  not  yet  reached  the  stage  of  axiomatic 
truth.  These  are:  (4)  that  all  changes  in  ontogeny,  environment 
and  selection  sooner  or  later  are  reflected  in  heredity;  (5)  that  all 
changes  in  heredity  originate  (a)  either  from  within  (keeping  in  mind 
always  the  law  of  the  four  inseparable  factors)  or  (6)  they  originate 
from  without  through  ontogeny,  environment  or  selection. 

1.  Heredity  as  it  appears  to  the  Paleontologist.  —  I  may  now 
drop  the  personal  pronoun  and  restrict  the  present  discussion  to  the 
problem  of  heredity  as  it  appears  to  the  paleontologist.  As  com- 
pared with  his  brother  zoologbts  the  paleontologist  enjoys  certain 
peculiar  advantages  and  labors  under  certain  disadvantages. 

The  origiri  of  new  characters,  not  the  origin  of  species,  is  the 
central  problem  in  evolution ;  but  in  using  the  word  originate  in  this 
discussion  I  do  not  imply  causation,  I  use  the  word  simply  to  imply 
appearance  in  order  of  time. 

First,  it  is  of  decided  advantage  to  the  paleontologist  that  as  an 
observer  of  the  origin  and  hbtory  of  characters  he  is  practically  im- 
mortal, that  fa,  if  the  two  or  three  million  years  in  which  he  is  able 
to  follow  certain  characters  constitute  a  reasonable  longevity.  G)n- 
centrating  hfa  attention  on  the  history  of  individual  characters,  en- 
tirely irrespective  of  the  species  question,  which  fa  wholly  a  by-question, 
the  paleontologfat  may  trace  such  individual  characters  from  their 
origin  through  their  various  changes,  through  their  entire  hfatgry, 
in  fact.  In  thfa  sense  he  fa  immortal.  The  zoologfat  and  experi- 
mentalist (e.  g,y  de  Vries,  Bateson,  Morgan),  on  the  other  hand,  is 
mortal.  First,  he  fa  not  always  in  a  fair  position  to  judge  which 
characters  are  important  and  which  are  unimportant.  Thfa,  for 
instance,  fa  the  chief  difficulty  with  Bateson's  first  great  work,  "Ma- 
teriafa  for  the  Study  of  Variation."  Second,  the  zoologfat  and  experi- 
mentalist fa  too  short-lived  to  observe  and  measure  those  changes, 
if  such  exfat,  which  are  so  excessively  slow  as  to  be  invfaible  and 
immeasurable  by  hfa  mortal  eye,  and  he  fa  most  naturally  led  to  the 
conclusion  that  vfaible,  observable  and  measurable  changes,  nz., 
saltations,  discontinuities  or  mutations  (of  de  Vries)  are  the  most 
important  if  not  the  only  changes. 

Having  pointed  out  the  peculiar  advantage  which  the  paleon- 
tologist enjoys  let  us  omit  dfacussion  of  all  other  modes  or  sources  of 
change  and  concentrate  oiur  attention  on  what  fa  certainly  the  most 
vital  point,  namely,  the  origin  of  new  characters  in  heredity.  We 
shall,  therefore,  begin  by  considering  thfa  origin  as  a  question  not 
of  ontogeny,  nor  environment,  nor  selection,  but  of  heredity  pure 
and  simple.  By  thfa  statement  we  do  not  conunit  ourselves  upon 
the  Lamarckian  question  of  the  inheritance  of  new  ontogenetic  or 
environmental  characters,  we  simply  confine  the  subject  to  changes 
which  first  appear  through  heredity,  that  fa,  congenitally  or  at  birth. 
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2.  The  Rate  of  Origin  of  New  Characters.  —  Thus  we  come 
to  the  paleontologist  as  a  student  of  heredity.  What  are  his  peculiar 
advantages  and  disadvantages  in  this  limited  field  of  observation? 

Our  answer  is  a  bit  embarrassing  because  we  find  that  as  to  the 
velocity  or  suddenness  of  origin  of  characters  paleontologists  have 
not  thus  far  agreed;  they  have  reached  two  opposite  opinions^  as 
follows : 

(1)  First  opinion:  Hypothesis  of  sudden  appearance.  This  was 
first  set  forth  by  Geoffroy  St.  Hilaire,  and  has  been  advocated  by 
Cope,  DoUo,  Smith  Woodward  and  other  paleontologists. 

Two  unanswerable  criticisms  of  this  opinion  may  be  made. 

These  criticisms  do  not  invalidate  the  numerous  observations 
of  these  and  other  paleontologists,  among  both  vertebrates  and 
invertebrates,  that  new  adaptive  types  do  suddenly  come  into  the 
field  of  observation  in  geological  horizons  and  mark  the  beginnings 
of  rapid  evolution.  They  do  show  that  another  interpretation  may 
be  put  upon  the  facts. 

First,  in  attempting  to  support  this  hypothesis  of  sudden  origin 
by  inductive  evidence  the  paleontologist  is  certainly  at  a  great  dis- 
advantage through  deficiency  of  material.  In  order  to  demonstrate 
a  sudden  change,  a  discontinuity  or  a  saltation  in  single  characters, 
one  must  have  all  or  a  very  large  number  of  contemporary  individ- 
uals for  comparison.  I  maintain,  therefore,  that  the  paleontologist 
can  never  demonstrate  a  discontinuity,  because  he  must  always 
entertain  the  suspicion  that  it  may  arise  from  lack  of  evidence.  The 
zoologist  and  experimentalist,  on  the  other  hand,  may  demonstrate 
a  discontinuity  for  the  reason  that  they  may  have  at  hand  large  series 
of  contemporary  individuals  for  comparison.  The  paleontologist  is 
never  favored  in  this  way. 

Secondly,  the  paleontologist  can  never  prove  that  the  appearance 
of  a  new  type  combining  a  number  of  adaptive  characters  is  a  sudden 
appearance,  because  he  must  always  admit  the  possibility  that  such 
a  type  may  have  slowly  evolved  elsewhere  and  come  into  the  field  of 
his  observation  suddenly  through  migration.  Thus  I  maintain  that 
the  hypothesis  of  Cope,  Dollo  and  Smith  Woodward  as  to  the  sudden 
appearance  either  of  new  adaptive  characters  or  of  new  types  does 
not  rest  on  a  demonstrable  foundation  so  far  as  paleontology  is 
concerned. 

I  am,  therefore,  in  this  discussion  neither  opposing  nor  advocating 
the  so-called  "mutation  theory"  of  de  Vries;  I  am  simply  asserting 
that  paleontology  is  not  one  of  those  branches  of  biology  in  which  this 
theory  can  be  either  proved  or  disproved. 

(2)  Second  opinion :  Hypothesis  of  gradual  appearance.  So  far 
as  I  know,  this  hypothesis  is  solely  paleontological  in  origin,  and 
is  to-day  chiefly  maintained  by  certain,  although  not  by  all,  paleon- 
tologists.    I  regard  it  as  the  greatest  contribution  which  paleontol- 


Digitized  by 


Google 


736      Vn.    INTERNATIONAL  ZOOLOGICAL  CONGRESS 

ogy  has  made  to  evolution.  So  far  as  I  know,  the  first  to  express 
it  was  Waagen  (1869).  He  distinguished  mvtaJtions  from  local  or 
geographical  variations.  The  mutations  of  Waagen  can  be  observed 
only  in  successive  geological  levels,  i.  e.,  at  intervals  of  many  years. 
They  are  very  constant,  although  seen  in  minute  features,  and  can 
always  be  recognized  again.  This  was  Waagen's  original  definition 
of  mutations  as  distingmshed  from  the  more  conspicuous  contemporary 
fluctuations. 

This  law  of  Waagen  received  the  powerful  support  of  Neumayr 
(1889)  and  of  many  other  invertebrate  paleontologists,  and  it  is 
receiving  fuller  support  daily.  As  regards  the  vertebrates,  Osbom  in 
1886,  at  the  time  ignorant  of  Waagen's  law,  made  the  same  observa- 
tion in  the  study  of  the  teeth  of  mammals,  and  termed  it  the  law  of 
"definite  variation  ";  he  has  since  termed  it  the  law  of  "  rectigrada- 
tion."  It  has  been  confirmed  and  extended  on  a  very  large  scale. 
Thus  vertebrate  and  invertebrate  paleontologists  working  entirely  in- 
dependently of  each  other  on  wholly  different  materials  h&we  reached 
similar  opinions.  This  law  of  gradtud  change  in  the  origin  of  single 
characters,  measurable  only  at  long  intervals  of  time,  rests  on  a  vast 
number  of  observations. 

3.  The  Adaptive  Quality  of  New  Characters. —  So  much  for 
the  older  history  of  the  subject. 

I  may  now,  as  a  paleontologist,  add  three  supplementary  propo- 
sitions as  to  the  origin  of  new  characters  by  heredity  which,  it  is 
true,  rest  upon  a  large  number  of  my  own  observations,  but  still 
requires  collateral  evidence  and  further  examination  by  others. 

First :  That  such  origins  are  adaptive  in  direction  from  the  begin- 
ning.  The  cusps  of  the  teeth  of  mammals  offer  a  peculiarly  advan- 
tageous field  of  observation  because  they  are  bom  complete,  and 
unlike  most  other  organs  of  the  body,  they  do  not  depend  upon 
ontogeny  (i.  e.,  usage)  for  their  original  perfection  of  form;  in  fact, 
ontogeny  and  environment  destroy  rather  than  perfect  them.  In 
seventeen  orders  of  mammals,  in  thousands  of  species,  and  in  millions 
of  individuals,  a  very  limited  number  of  similar  cusps  rise  in  the 
teeth;  the  number  is  eleven  in  all.  So  far  as  observed:  (1)  they 
rise  independendy,  (2)  they  rise  gradually,  (3) .  they  rise  adaptively; 
hence  I  have  termed  them  "rectigradations,"  i.  e.,  rising  contin- 
uously, orthogenetically,  in  definite  or  straight  lines,  and  finally 
reaching  a  condition  in  which  they  may  be  considered  adaptive. 
This  phenomenon  I  first  observed  in  the  teeth  and  later  in  the 
origin  of  horns. 

Second :  Thai  such  origins  are  predetermined  by  hereditary  kinship. 
This  statement,  or  rather  hypothesis,  is  supported  by  observations 
of  two  kinds.  Without  interbreeding,  animals  of  similar  kinship, 
near  or  remote,  in  different  parts  of  the  world  originate  independently 
similar  characters.     For  example,  the  Eocene  Equidae  evolved  the 
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same  cusps  In  the  grinding  teeth  simultaneously  in  Switzeriand  and 
in  the  American  Rocky  Mountain  region. 

This  example  has  to  meet  the  criticisms,  (1)  by  the  paleontologist 
Dep^ret,  that  this  is  not  an  independent  evolution,  but  that  these 
rectigradations  are  due  to  actual  community  of  descent  brought 
about  by  migration  and  interbreeding;  (2)  there  is  the  older  criticism 
of  the  selectionists,  that  these  similarities  are  due  to  the  similar 
action  of  natural  selection  working  upon  fortuitous  variations  in 
different  regions. 

Neither  of  these  explanations  is  tenable,  in  my  opinion. 

Third :  Thai  svjch  predetermination  is  d/ue  to  a  similarity  of  heredi- 
tary  'potential.  That  is  to  say  that  animals  of  similar  kinship  do  not 
continuously  evolve  in  certain  directions,  but  merely  transmit  a  similar 
potentiality  in  the  origin  of  new  characters.  This  both  renders  pos- 
sible the  occurrence  of  certain  characters  and  conditions  and  limits 
these  characters  when  they  do  occur.  For  example,  in  a  certain 
series  of  extinct  mammals  we  can  predict  where  a  new  cusp  will  arise 
before  its  actual  occurrence. 

As  to  the  three  above  propositions,  which  are  enormously  impor- 
tant, if  true,  we  make  six  notes.  We  note  (1)  that  only  through  some 
restraining  or  limiting  law  of  this  kind  can  we  explain  the  marvelous 
uniformity  in  the  fundamental  structure  of  the  teeth  of  mammals 
which  has  now  been  observed  in  all  orders  of  mammals  except  four. 
We  note  (2)  that  this  is  not  identical  with  the  internal  perfecting 
tendency  of  NUgeli,  because  under  the  law  of  the  four  inseparable 
factors  it  operates  in  a  manner,  adaptive  to  new  conditions,  which 
is  entirely  incomprehensive  to  us.  Thus,  for  example,  if  a  primate 
begins  to  imitate  the  habits  of  an  ungulate  by  becoming  herbivorous, 
it  also  begins  to  acquire  the  dental  cusps  of  an  ungulate  in  about  the 
same  order  as  these  cusps  would  arise  in  an  ungulate;  thus  some  of 
the  Eocene  primates  so  closely  paralleled  the  Eocene  ungulates  in  den- 
tal structure  that  they  were  at  first  placed  in  the  order  Ungulata.  We 
note  (3)  that  the  kinetogenesis  or  Neo-Lamarckian  theory  of  Cop<i  and 
Ryder  apparently  fails  (as  pointed  out  by  Poulton),  especially  when 
applied  to  the  teeth,  because  the  teeth  appear  through  the  gums  fully 
formed  and  are  not  improved  by  use,  but,  on  the  contrary,are  destiX)yed 
by  use.  We  note  (4)  that  there  appears  to  be  an  analogy  between  hered- 
ity and  ontogeny.  This  hurrying  up  or  acceleration  of  characters  in 
heredity  parallels  the  acceleration  of  useful  characters  in  ontogeny.  In 
other  words,  from  unknown  causes  (even  if  the  Lamarckian  inheri- 
tance is  admitted)  characters  are  accelerated  (hastened)  or  retarded 
(slowed  up)  in  development,  according  to  the  needs  of  the  animal. 
Thus  there  arises  thb  most  interesting  analogy  between  the  hereditary 
origin  of  new  characters  and  the  subsequent  ontogenetic  history  of 
characters  after  they  have  reached  a  presumably  adaptive  condition. 
In  other  words,  just  as  the  lateral  digits  of  the  horse  are  retarded  and 
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the  median  digits  are  accelerated^  so  the  origin  from  unknown  causes 
of  new  characters  is  accelerated  or  retarded,  according  to  the  needs 
of  the  animal.  For  example,  a  postero-intemal  cusp  of  the  upper 
grinding  teeth,  known  as  the  hypocone,  and  the  intermediate  cusps 
known  as  the  conules,  are  retarded  in  hereditary  origin  in  insectivores 
and  in  frugivorous  animals;  they  are  accelerated  in  origin  in  her- 
bivorous animals.  We  note  (5)  that  our  failure  to  see  any  reasons 
or  causes  of  these  timely  hereditary  origins  of  new  characters  has  no 
bearing  whatever  on  the  fact  of  the  existence  of  such  origins,  that 
fact  is  a  matter  of  direct  observation  vidependerU  of  hypothesis.  For 
my  own  part  I  have  for  many  years  (ever  since  I  observed  this  fact 
and  recognized  all  the  difficulties  in  the  Lamarddan  explanation) 
stood  as  a  complete  agnostic  as  to  the  cause  of  such  origins.  I  now 
repeat  that  we  have  no  conceivable  explanation  at  present.  We 
note  (6)  that  an  important  dbtinction  must  now  be  made,  namely, 
that  such  new  characters  are  chiefly  numerical ;  something  is  added 
to  the  organism  which  did  not  exbt  before,  the  rudiment  of  a  cusp, 
or  the  rudiment  of  a  horn.  The  changes  of  form  of  proportion  and 
of  modeling,  follow  after. 

A  very  interesting  thought  has  just  come  to  me  during  the  prepara- 
tion of  this  paper,  a  paper  which  summarizes  the  conclusions  I  have 
been  gradually  forming  in  the  last  twenty-one  years.  The  thought 
is  this:  That  theoretically  there  is  no  conflict  between  the  hypotheses 
of  continuity  and  discontinuity,  because  if  there  does  exist  h^editary 
predisposition  to  evolve  in  a  definite  direction,  it  may  manifest  itself 
suddenly,  as  a  saltation,  or  a  "mutation  of  de  Vries,'*  or  very  gradu- 
ally as  a  rectigradation,  or  "mutation  of  Waagen." 

SUMMARY 

The  following  facts  are  those  which  are  put  forth  throu^  pale- 
ontological  observation,  for  verification  by  others: 

L  Many  origins  of  new  characters  are  through  some  internal 
action  in  heredity. 

2.  Many  important  adaptive  characters  arise  determinately,  defi- 
nitely, but  by  extremely  slow  stages. 

3.  Degrees  of  similarity  in  such  origins  correspond  with  degrees 
of  kinship. 

4.  Degrees  of  kinship  also  affect  to  a  certain  extent,  but  not 
absolutely  the  time  of  appearance,  or  the  time  of  the  origin,,  or  the 
rate  of  evolution. 

5.  Such  origins  find  expression  not  spontaneously,  or  irrespective 
of  conditions,  or  from  purely  internal  mechanical  causes,  but  through 
some  entirely  unknown  and  at  present  inconceivable  relation  to 
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ontogeny  (habit  and  use),  to  environment  (external  conditions),  and 
to  selection. 

6.  U  such  origins  do  spring  from  internal  hereditary  principles, 
as  they  appear  to  do  in  many  cases,  slow  origins  (mutations  of 
Waagen)  or  rapid  origins  (mutations  of  de  Vries)  may  be  simply 
due  to  the  same  law  operating  with  different  velocities. 
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ZOOGEOGRAPHICAL  RELATIONS  OF  NORTH    AFRICA 
IN  THE   UPPER   EOCENE 

(Abstract) 

HENRY  FAIRnELD  OSBORN 

Professor  Osborn  gave  an  account  of  the  American  Museum 
expedition,  under  his  personal  direction,  to  the  famous  Upper  Eocene 
and  Lower  Oligocene  exposures  in  the  region  of  the  Fayfim,  Egypt 
The  expedition  went  into  the  field  February  5,  and  Mr.  Walter  Gran- 
ger, assisted  by  Greorge  Olsen  and  Herr  Richard  Markgraf ,  remained 
in  charge  until  June  1.  The  collection  numbers  about  550  specimens, 
including  representatives  of  most  of  the  fossil  forms  so  far  known  to 
be  characteristic  of  the  region,  as  well  as  of  the  newly  discovered 
Rodentia  and  of  two  other  animab  of  uncertain  systematic  relation- 
ship. It  is  apparent  that  the  chief  fossil-bearing  stratum,  the  so- 
called  fluvio-marine  horizon,  has  intimate  faunistic  relations  with 
Europe.  The  Artiodactyla,  the  Carnivora-Creodonta,  and  now  the 
Rodentia  are  kno«vn  to  closely  resemble  the  corresponding  forms  in 
the  lower  Oligocene  of  France.  The  author  concurs  with  Stromer 
and  Dep^ret  as  to  the  Lower  Oligocene  rather  than  Eocene  age  of 
these  formations.  '  The  fauna  thus  is  a  pure  indigenous  African 
fauna  mingled  with  a  pure  European  fauna.  No  recognizable  Aus- 
tralian, South  American,  or  North  American  elements  are  known, 
unless  the  sirenians,  zeuglodonts,  pythons,  and  perhaps  siluroids 
are  indicative  of  an  "Atlanteal"  connection  with  South  America. 
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THE  CLYMENIA  FAUNA  IN  THE  AMERICAN 
DEVONIAN 

PERCY  E.  RAYMOND 

Until  recently,  the  peculiar  sub-order  of  ammonites,  the  Gras- 
trocampyli,  or  clymenias,  which  are  such  important  fossils  in  a 
zone  at  the  top  of  the  Devonian  in  Europe  and  Asia,  were  unknown 
in  America.  In  1892  John  M.  Clarke  announced  the  discovery  of 
a  number  of  specimens  of  a  single  species,  to  which  he  gave  the 
name  Clymenia  neapolitana}  Hyatt  later  erected  a  new  genus, 
Acanthoclymenia  for  this  species,  which  is  one  of  the  forms  with 
a  fairly  simple,  but  not  the  simplest,  suture.  These  specimens  were 
found  in  the  Cashaqua  shale  in  Ontario  County,  New  York.  Associ- 
ated with  it  occur  Manticoceras  pattersoni,  the  American  representa- 
tive of  M.  intumescens,  Probeloceras  ItUheri,  and  a  typical  development 
of  the  Manticoceras  intumescens  fauna.  Stratigraplucally,  the  Casha- 
qua shales  are  in  the  lower  part  of  the  Upper  Devonian.  Above 
them  are  found  the  Rhinestreet  black  shales,  carrying  a  small  fauna 
composed  mostly  of  fragile-shelled  lamellibranchs,  fishes,  and  cono- 
donts.  The  Hatch  sands,  flags,  and  shales,  with  Manticoceras  patter- 
soni, M.  oyx,  and  Probeloceras  Ivtheri  succeed  the  Rhinestreet  shales, 
and  they  are,  in  turn,  followed  by  the  High  Point  sandstones,  Westhill ' 
flags,  and  Grimes  sandstones.  These  sandstones  and  flags  carry  a 
brachiopod  fauna,  commonly  known  as  the  Lime  Creek  fauna,  from 
its  typical  development  along  Lime  Creek  in  central  Iowa. 

In  February  of  this  year  the  writer  announced '  the  discovery  of 
Clymenia  in  the  Three  t^orks  shale  in  Gallatin  County,  Montana, 
a  short  distance  east  of  the  Continental  Divide.  The  study  of  this 
material  shows  that  there  are  at  least  three  species  of  Clymenia 
represented,  all  with  simple  sutures.  Two  of  them  have  ribbed 
whorls,  and  evidently  belong  to  the  genus  Platyclymenia,  and  the 
third  is  a  smooth  form  belonging  to  Cyrtoclymenia.  It  is  the  purpose 
of  the  present  paper  to  discuss  the  age  of  these  western  deposits  con- 
taining the  clymenias,  and  their  time  relation  to  the  deposits  con- 
taining Clymenia  in  New  York. 

The  Stratigraphy.  —  In  Gallatin  County,  Montana,  the  Three 
Forks  shales  are  about  135  feet  in  thickness,  and  direcdy  underlie 
the  Madison  limestone,  which  is  Mississippian  in  age.  Beneath  the 
shales  is  the  Jefferson  limestone,  640  feet  in  thickness,  which,  in 

*  American  Journal  of  Science,  43,  pp.  57-62,  1892. 
«  American  Journal  of  Science,  23,  pp.  116-122,  1907. 
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turn,  rests  upon  Cambrian  limestone.  The  whole  of  the  Devonian 
is,  therefore,  represented  by  640  feet  of  dolomitic  limestone  and  135 
feet  of  shales. 

The  dolomitic  limestone  is  only  sparingly  fossiliferous.  At  Logan, 
ten  or  twelve  miles  east  of  the  locality  from  which  the  Clymenias 
were  obtained,  Peale  obtained  a  few  fossib  from  a  stratum  about  30 
feet  below  the  top  of  the  limestone.  Among  them  were  specimens 
of  Spirifer  disjuridus,  which  indicates  that  a  portion,  at  least,  of  the 
Jefferson  limestone  is  of  Upper  Devonian  age.  In  the  Yellowstone 
National  Park,  75  miles  souAeast  of  Logan,  the  Jefferson  limestone 
has  yielded  a  small  fauna,  described  by  Girty.*  On  the  evidence  of 
the  few  fossils  obtained,  Girty  referred  these  strata  to  the  Lower  or 
Middle  Devonian. 

The  lower  70  feet  of  the  Three  Forks  shales  are  barren,  but  in 
the  upper  65  feet  may  be  detected  five  distinct  faunules.  These  are, 
beginning  at  the  base : 

First.  A  Clymenia  faunule,  containing  two  species  of  Platy- 
clymenia,  one  of  Cyrtoclymenia,  two  of  Tornoceras,  a  Prolobites, 
a  Bactrites,  two  species  of  Loxopteria,  Spirifer  disjunctus,  and  a 
Cleiothyris. 

Second.  A  faunule  with  Entomis,  Clymenia,  crinoids,  and  a 
large  number  of  brachiopods  and  pelecypods. 

Third.  A  faunule  in  which  Posidonomya  is  abundant,  but  with 
few  other  fossils,  the  most  common  being  a  goniatite,  probably  a 
Tornoceras. 

Fourth.  A  faunule  with  two  species  of  Clymenia,  but  very  few 
goniatites.    Brachiopods  are  very  abundant. 

Fifth.  A  faunule  without  Clymenia.  It  contains  Spirifer  dis* 
junctits  and  other  Devonian  brachiopods,  and,  in  the  same  beds, 
such  Mississippian  forms  as  Syringothyris  and  Cleiothyris.  The 
strata  containing  this  fauna  are  a  yellow/  sandy  limestone  which 
grade  without  break  into  the  limestone  layers  of  the  Madison 
formation. 

Relation  of  these  Faunules  to  the  Faunas  which  precede 
and  follow  them.  —  The  fauna  of  the  Jefferson  limestone  is  too 
scanty  to  afford  much  definite  information,  but  the  presence  of  Spirifer 
disjunctus  shows  that  it  cannot  be  so  very  much  older  than  the  fauna 
with  Clymenia.  At  any  rate,  the  Three  Forks  shales  are  above  the 
base  of  the  Upper  Devonian. 

The  presence  of  Cleiothyris  with  the  clymenias,  and  of  Cleio- 
thyris and  Syringothyris  in  beds  containing  a  preponderance  of 
Devonian  fossils,  shows  a  strong  relationship  between  the  fauna 
of  the  Three  Forks  shales  and  the  fauna  of  tfie  overljing  Madison 
limestone.  The  fauna  of  the  Madison  limestone  has  been  studied 
by  Dr.  Girty,  who  finds  that  it  has  pronounced  affinities  with  the 

»  U,  S.  Geological  Survey,  Monograph  32,  p.  479,  1899. 
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Kinderhook,  the  oldest  fauna  of  the  Mississippian  series.  Thus  there 
appears  to  be  no  break  in  the  sedimentation,  nor  any  sharp  faunal 
change  on  passing  from  the  Devonian  into  the  Mississippian,  both 
of  which  facts  argue  for  a  very  late  Devonian  age  for  the  Clymenia 
fauna. 

The  Relation  of  the  Clymenia  Fauna  in  the  Three  Porks 
Shale  to  the  Fauna  with  Clymenia  in  New  York.  —  The 
similarity  of  the  faunas  consists  in  the  presence  in  both  of  Clymenias, 
goniatites,  Bactrites,  Loxopteria,  and  Entomis.  The  species  are  not, 
however,  the  same  in  the  two  regions.  Manticoceras  pattersonif  which 
is  the  leading  fossil  in  New  York,  has  not  yet  been  found  in  Montana. 
A  fiu^ther  difference  is  noticed  in  the  great  number  of  brachiopods 
found  with  Clymenia  in  the  west.  The  clymenias  of  the  two  repons 
are  not  of  the  same  species,  but  belong  to  different  families.  It  is 
not,  therefore,  possible  to  correlate  the  two  faunas  directly.  Either 
one  is  older  than  the  other,  or,  if  they  are  contemporaneous,  they 
occupied  separate  basins. 

Position  of  the  Clymenia  Fauna  in  Europe  and  Asia.  —  In 
many  localities  in  Europe  where  the  Upper  Devonian  is  well  de- 
veloped, the  various  zones  are  distinguished  by  the  ammonite  faunas. 
The  early  Upper  Devonian  is  characterized  by  a  fauna  containing 
Manticoceras  intumescens  with  many  other  goniatites,  Bactrites,  and 
fragile-shelled  lamellibranchs.  In  the  next  higher  zone  comes  a  great 
development  of  goniatites  of  the  genus  Cheiloceras,  followed  by  the 
fauna  with  Clymenia.  In  the  Clymenia  fauna  are  two  faunules. 
In  the  older  Plaiyclymenia  annvlata  is  accompanied  by  Cheiloceras 
curvispina  and  C.  amblylobum,  and  the  genera  Cyrtoclymenia  and 
Oxyclymenia  are  dominant.  The  newer  faunule  contains  Goniocly- 
meiiia.  In  this  Clymenia  fauna,  Prolobites  makes  its  first  appear- 
ance. In  the  shales  which  follow  the  limestone  in  which  Clymenias 
are  abundant  occurs  the  fauna  with  Entomis  serraiostriata.  This 
fauna  persists  until  the  close  of  the  Devonian. 

The  common  Clymenia  in  the  Three  Forks  shales,  to  which  the 
writer  has  elsewhere  given  the  name  Plaiyclymenia  am^ricana,  is 
somewhat  closely  allied  to  Plaiyclymenia  annvlata,  Prolobites  has 
not  yet  been  reported  from  New  York,  but  occurs  with  Platyclymenia 
and  Cyrtoclymenia  in  Montana.  Thus  the  Montana  fauna  seems 
to  be  more  closely  allied  to  the  Clymenia  fauna  of  Eiu^ope  than  to 
the  Manticoceras  pattersoni  fauna  of  New  York. 

Summary 

To  sum  up.  The  stratigraphic  position  of  the  Three  Forks 
shales,  and  the  fact  that  the  upper  layers  grade  gradually  into  the 
Madison  limestone,  indicates  that  there  is  no  break  in  the  sedimen- 
tation.   That  there  is  no  time  break  is  shown  by  the  fact  that  in  the 
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upper  layers  there  is  a  mingling  of  Upper  Devonian  and  Mississip- 
pian  fossib.  Under  these  circumstances,  the  fact  that  the  fauna  of 
the  Madison  limestone  is  of  Kinderhook,  or  oldest  Mississippian  age, 
indicates  that  the  preceding  fauna  is  of  latest  Devonian  age.  That 
the  fauna  with  Clymenia  is  preceded  by  a  fauna  with  Spirifer  dis- 
junctus  is  a  further  indication  of  its  late  Devonian  age.  In  Europe, 
the  strata  bearing  the  fauna  with  clymenias,  cheiloceras,  and  pro- 
lobites  are  newer  than  the  strata  with  Manticoceras  intumescens.  All 
things  therefore  point  to  a  later  Devonian  age  for  the  Montana  fauna 
than  for  the  New  York  fauna,  which  occurs  in  the  middle  Upper 
Devonian. 
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THE  MIOCENE  FAUNA    OF  FLORISSANT,  COLORADO 

(Abstract) 

T.  D.  A.  COCKERELL 

The  well-known  Tertiary  beds  at  Florissant,  in  central  Colorado, 
have  been  recently  investigated  anew,  and  large  collections  have  been 
made.  The  classical  works  of  Scudder  and  Lesquereux  made  known 
over  six  hundred  species  of  insects  and  a  large  series  of  plants  from 
this  locality;  but  the  beds  are  far  from  being  exhausted,  and  the  work 
of  the  past  two  summers  has  yielded  numerous  undescribed  forms, 
many  of  them  of  very  great  interest.  It  is  hoped  to  continue  the 
work,  and  to  eventually  include  in  monographic  form  the  combined 
results  to  be  derived  from  the  study  of  all  the  Florissant  material 
obtainable.  Some  of  the  most  interesting  forms  obtained  this  year 
were  exhibited,  including :  — 

DiPTERA ' 

Glossina  digocena  (Scudder).  Station  14  (Greo.  N.  Rohwer). 
This  is  the  Paloestras  oligoceniis  of  Scudder,  Bull.  93,  U.  S. 
Greol.  Survey  (1892),  p.  19.  The  type  of  Scudder's  species, 
in  the  Museum  of  Comparative  Zoology,  has  been  compared. 
The  new  specimen  is  very  much  more  perfect,  showing  the 
mouth-parts ;  and  after  prolonged  study,  carinot  be  excluded 
from  the  African  genus  Glossina,  the  tsetse  flies.  The  occur- 
rence of  this  genus  in  the  American  Miocene  is  of  great 
interest,  especially  in  view  of  the  recent  suggestions  of 
Professor  Osborn,  concerning  the  possible  relation  of  such 
diptera  to  the  extinction  of  some  of  the  American  Tertiary 
mammaUa. 

Hymenoptera 

Phenacoperga  cdoradeiisis  Ckll.     Station  14  (W.  P.  Cockerell). 
A  large  robust  insect  about  27  mm.  long,  similar  to  Perga 
schiodtii  Westw.,  from  Australia,  but  larger,  with  the  antennae 
longer  and  with  a  larger  club,  the  stigma  very  much  more 
slender,  the  prothorax  and  scutellum  dark,  etc. 

Neuroptera 

Halter  americana  Ckll.    Station  13  B  (S.  A.  Rohwer). 

A  large  form,  with  the  anterior  wings  about  31  mm.  long  and 
the  posterior  about  46,  belonpng  to  the  same  section  as  the 
Persian  H.  extensa  (Oliv.).    The  dark  area  on  the  expanded 
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part  of  the  hind  wings  is  continuous,  not  broken  into  two 
>  areas  as  in  H,  extensa.  The  family  Nemopteridae  is  un- 
known in  America  to-day,  with  the  exception  of  a  single 
Chilian  species  of  Stenorrhachus.  The  eenus  Halter  b  wdl- 
known  in  Africa  and  parts  of  Asia,  and  it  is  of  much  interest 
to  find  such  an  extremely  peculiar  type,  now  living  only  on 
the  other  side  of  the  world,  in  the  American  Miocene. 
Pajiorpa  arctiiformis  Ckll.  Station  14  (W.  P.  Cockerdl). 
A  species  with  the  wings  about  13  nun.  long,  with  light  bands 
on  a  dark  ground,  after  the  manner  of  P.  nuptialis  Gerst, 
from  Texas.  Curiously,  however,  the  apical  dark  area  is 
not  formed  as  in  P.  nuj^ialis,  but  has  a  zigzag  inner  edge, 
as  in  P,  pida  Hagen,  from  Smyrna.  The  insect  is  ind^ 
very  close  to  P.  jncta.  It  is  also  close  to  P.  rigida  Scudd., 
another  Florissant  fossil;  but  rigida  is  smaller,  and  has  the 
penultimate  band  (the  last  before  the  dark  apex)  much 
narrower. 

Lepidoptera 

Chlarippe  wUmattas  Ckll.    Station  21  (W.  P.  Cockerell). 

A  butterfly  showing  the  anterior  wings  and  antennse,  well 
preserved.  Expanse  64  mm.,  the  outline  of  the  wings  about 
as  in  the  American  C  alicia,  except  that  the  apical  point  be- 
tween the  radials  is  sharper  and  longer,  more  suggesting 
Vanessa.  Venation  as  in  Chlorippe,  with  the  cell  (which  is 
about  16  mm.  long)  open.  Spots  in  general  as  in  Chlorippe, 
but  the  three  outer  spots  in  the  apical  field  are  arranged  in 
a  line  instead  of  in  a  triangle;  while  the  inner  ones  are  so 
arranged  that  the  upper  is  far  basad  of  the  other  two. 

This  represents  a  type  of  insect  still  surviving  in  the  same 
general  region. 

Orthoptera 

Anabrus  cavdeUi  Ckll.     Station  14  (Greo.  N.  Rohwer). 

Represented  by  the  hind  part  of  the  abdomen,  with  the  ovi- 
positor, which  latter  is  about  18  mm.  long,  and  in  size,  struc- 
ture, and  appearance  excellently  agrees  with  that  of  the  living 
A.  coloradus  Thomas,  of  Colorado.  The  only  diflference  b 
that  it  is  perhaps  very  slightly  more  curved,  and  the  apex 
(in  lateral  view)  is  distinctly  more  attenuate. 

COLEOPTERA 

Drychius  miocenicus  BeutenmuUer  and  Cockerell.     Station  14 
(W.  P.  Cockerell). 
Represented  by  an  elytron,  about  18  mm.  long,  close  to  the 
living  D.  sexfasciaius  Say,  but  the  elytra  are  relatively  some* 


Digitized  by 


Google 


THE   MIOCENE   FAUNA   OF   FLORISSANT,   COLORADO  747 

what  broader,  and  there  are  only  two,  instead  of  four,  light 
bands.  The  apex  is  narrowly  truncate,  and  there  is  a  tooth 
at  the  inner  coraer,  exactly  as  in  sexfasciattis ;  the  punctures 
are  abo  th^  same. 

So  far  as  the  material  shows,  the  affinities,  when  not  with  living 
North  American  species,  are  with  those  of  the  old  worid.  No  dis- 
tinctively Neotropical  types  were  found. 
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A  PRELIMINARY  ACCOUNT  OF  THE  PLEISTOCENE 
FAUNA  DISCOVERED  IN  A  CAVE  OPENED 
AT  FRANKSTOWN,  PENNSYLVANIA,  IN 
APRIL  AND  MAY,  1907 

W.  J.  HOLLAND 

In  the  latter  part  of  April  of  the  present  year  the  writer  received 
messages  from  Mr.  H.  H.  Jack  and  Mr.  E.  H.  L.  Page  of  Hollidays- 
burg,  Pa.,  calling  attention  to  the  fact  that  there  had  been  discovered 
in  the  quarries  of  the  American  Lime  and  Stone  Company  near 
Frankstown,  Pa.,  the  fossil  remains  of  a  number  of  large  animals,  and 
suggesting  that  a  careful  examination  of  the  locality  should  be  made. 
Mr.  O.  A.  Peterson  of  the  Section  of  Paleontology  in  the  Carnegie 
Museum  was  promptly  dispatched  to  the  spot  with  instructions  to 
report  upon  the  character  of  the  deposits.  He  returned  after  a  few 
days  bringing  with  him  some  material  of  sufficient  interest  to  cause 
the  writer  to  feel  justified  in  requesting  him  to  return  to  the  locality 
and  to  carefully  continue  the  work  of  recovering  whatever  might  be 
found.  He  spent  nearly  three  weeks  in  the  work,  being  visited  during 
that  time  by  the  writer,  who  made  a  careful  inspection  of  the  site  and 
helped  a  little  in  the  task  of  recovering  specimens.  A  great  deal  of 
assistance  was  accorded  to  Mr.  Peterson  by  Mr.  James  King  Henry, 
the  Superintendent  of  the  American  Lime  and  Stone  Company,  who 
not  only  instructed  his  men  while  at  work  to  help  Mr.  Peterson  so 
far  as  was  possible,  but  who  himself,  with  great  kindness,  at  times 
personally  aided  Mr.  Peterson  in  the  laborious  task  of  taking  up  the 
deposits  which  were  encountered. 

The  quarries  of  the  American  Lime  and  Stone  Company  are 
situated  on  the  top  of  a  hill  rising  about  four  hundred  feet  in  height 
above  the  banks  of  the  Juniata.  The  kilns  of  the  Lime  and  Stone 
Company  are  located  in  the  historic  hamlet  of  Frankstown,  in  Blair 
County,  on  the  line  of  the  Petersburg  branch  of  the  Pennsylvania 
Railroad.  The  limestone  in  which  work  is  being  carried  on  is  a  fine 
compact  blue  Umestone,  the  purity  of  which  has  caused  the  product 
of  the  quarries  to  be  much  sought  after  by  manufacturers  of  paper. 
The  rock  has  been  extensively  faulted,  and  the  fissures,  which  vary 
in  thickness  from  a  few  millimeters  to  as  much  as  a  foot  in  diameter, 
have  been  filled  with  calcite.  The  rock  is  lower  Devonian,  locally 
known  as  Lewistown  limestone.     The  hill  in  which  the  cavern  is 
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located  contains  several  small  caves  or  grottoes,  the  floors  of  two  of 
which  were  explored  by  Mr.  Peterson,  but  neither  of  them  showed 
any  evidence  of  extinct  animal  life.  The  cave  in  the  limestone  quarry 
was  apparently  originally  a  cleft  or  fissure,  which,  owing  to  falling  in 
of  the  upper  strata,  had  gradually  become  roofed  over  by  large  blocks 
which  had  been  in  part  cemented  together  by  stalactitic  deposits  with 
which  earthy  matter  washed  down  from  the  surface  had  become 
mingled.  No  evidence  existed  on  the  top  of  the  hill  of  an  approach 
to  this  cave,  and  it  was  only  as  the  process  of  blasting  was  being 
carried  forward  that  its  existence  was  revealed.  The  cave  itself,  as 
nearly  as  can  be  determined,  was  about  forty  feet  in  length,  varying 
from  six  to  eight  feet  in  width,  and  at  the  highest  point  was  not  more 
than  ten  or  twelve  feet  high.  Its  floor  was  about  thirty  feet  below 
the  top  of  the  hill.  The  bottom  of  the  cave  was  filled  in  at  most 
places  to  a  depth  of  approximately  two  feet  with  red  soil  traversed 
everywhere  by  bands  and  layers  of  dark  material  rich  in  organic 
matter  and  somewhat  spongy  in  texture.  A  deeper  crack  at  one 
point  descends  to  a  depth  of  about  fourteen  feet.  This  it  was  impos- 
sible to  explore,  but  borings  yielded  no  bones.  Mingled  with  the 
finer  deposits  were  fragments  of  stalactites  and  pieces  of  stone  which 
had  fallen  from  the  roof  and  sides  of  the  cave,  varying  from  large 
blocks  several  feet  in  diameter  to  mere  chips.  These  angular  frag- 
ments were  so  commingled  with  the  finer  material  as  to  make  the 
work  of  recovering  the  bones  which  lay  at  the  bottom  of  the  cave  a 
task  of  much  difficulty.  The  fall  of  rock  in  past  ages  had  led  to  the 
fracture  of  many  of  the  bones,  which  had  been  crushed  down  into  the 
looser  material  in  which  they  were  imbedded. 

As  the  work  of  quarrying  went  forward  from  time  to  time  por- 
tions of  the  floor  of  the  cave  were  brought  down.  Mr.  Peterson  was 
always  on  hand  to  investigate,  and  from  the  stuff  which  was  dislodged 
he  carefully  extracted  everything  which  could  be  preserved,  and  he 
also  went  forward  into  the  cavern  and  endeavored  to  explore  the 
floor  before  the  blasting  and  quarrying  were  advanced.  Rains  were 
constant,  and  Mr.  Peterson  worked  most  of  the  time  in  mud.  As  the 
result  of  his  labors,  upon  which  he  deserves  to  be  congratulated, 
there  was  brought  back  to  the  Carnegie  Museum  a  great  number  of 
specimens,  mostly  in  a  broken  and  shattered  condition,  due  to  no 
fault  of  the  collector. 

A  superficial  examination  of  the  collections  taken  from  the  cave 
shows  the  remains  of  a  number  of  species  of  mammals,  birds,  and 
reptiles. 

The  genus  Megalonyx  is  represented  by  a  number  of  teeth;  to 
what  species  they  should  be  referred  has  not  yet  been  determined.  It 
is  possible  that  another  genus  of  Edentata  is  represented,  but  this 
can  only  be  decided  after  a  more  careful  investigation  than  the  writer 
has  had  time  to  bestow  upon  the  subject.    Tlie  genus  Tapirus  b 
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represented  by  the  third  and  fourth  left  lower  premolars  of  a  small 
species  about  the  size  of  Tapiraa  americanus  Brisson.  The  Suidse  are 
represented  by  the  remains  of  a  number  of  individuab.  A  remarkably 
well  preserved  mandible  I  determine  to  be  Dicotyles  pennsylvanums 
Leidy,  the  type  of  which  is  the  fragment  of  a  mandible  of  an  immature 
specimen  which  was  found  in  Hartman's  cave  near  Stroudsburg,  Pa. 
Our  specimen  is  the  lower  mandible  of  an  adult,  accompanied  by 
other  portions  of  the  skeleton,  including  well  preserved  metapodials 
and  vertebrse.  The  animal  was,  judging  from  what  we  possess, 
considerably  larger  than  either  of  the  existing  peccaries.  The  lower 
jaw  is  longer  than  either  Dicotyles  labiatus  or  torqtudtu,  and  the 
metapodiab  are  longer.  The  canine  teeth,  which  are  wanting  in  Pro- 
fessor Leidy's  type,  are  also  much  longer  and  more  formidable  weap- 
ons than  in  either  of  the  existing  species  of  the  genus.  Another 
peculiarity  is  the  fact  that  the  jaw  at  its  lower  angle  flares  outwardly, 
whereas  the  existing  species  of  Dicotyles  are  characterized  by  the 
recession  of  the  lower  jaw  at  the  angle.  The  species  mi^t  well  be 
referred  to  the  genus  Platyconus,  in  which,  however,  it  has  not  been 
placed  by  Hay  in  his  catalogue.  Lydekker  regards  Platygonus  as 
practically  synonymous  with  Dicotjrles  or  Tayassu,  but  the  distinc- 
tion between  the  two  genera  the  wnter  believes  to  be  valid.  Portions 
of  a  skeleton  probably  referable  to  Bison  were  uncovered.  The 
Cervidee  are  represented  by  three  species,  one  of  them  of  very  large 
size,  possibly  representing  Cervalces,  the  other  two  smaller.  There 
has  not  been  time  to  carefully  decide  the  generic  location  of  these 
species,  which  are  principally  represented  by  the  teeth  of  the  lower 
jaws.  A  fragment  of  an  ander,  m  all  probability  belonging  to  Carir 
acus  virginianus,  was  discovered.  The  remains  of  mastodons  were 
exceedingly  plentiful.  Mastodon  americanus  is  represented  by  por- 
tions of  one  mature  and  five  or  six  inmiature  spedmens.  The  re- 
mains of  rodents  are  very  numerous.  Numerous  jaws  of  Erythizon, 
Lepus,  Sciurus,  Fiber,  and  other  smaller  genera  are  recognizable. 
Chiroptera  are  present  in  the  remains  of  one  or  more  species.  The 
Ursidee  are  represented  by  two  species.  Fragments  which  are  no 
doubt  correctly  referable  to  Urstis  americaniLS  were  found,  but  far 
more  interesting  are  the  remains  of  several  individuab  of  a  huge 
bear  which  I  identify  without  any  hesitation  as  Ardodus  haplodon 
Cope.  The  presence  of  the  entepicondylar  foramen  in  the  himierus, 
the  two  masseteric  fossse  of  the  mandible,  and  the  peculiar  shape  of 
the  first  inferior  true  molar  are  characters  which  serve  to  reveal 
at  once  the  identity  of  the  animal  with  the  species  described  by 
Cope.  The  material  in  our  possession  is  better  than  that  at  the 
command  of  Cope.  It  is,  unfortunately,  fragmentary,  but  very  well 
preserved  so  far  as  it  goes,  and  it  is  quite  abundant,  though  not  suffi- 
cient in  Quantity  to  enable  us  to  restore  the  skeleton.  The  genus 
Mephitis  is  represented  by  at  least  one  species.    The  remains  of  the 


Digitized  by 


Google 


ACCOUNT  OF  THE  PLEISTOCENE  FAUNA  751 

genus  Canis  are  quite  numerous.  Several  well  preserved  jaws  show 
an  animal  not  differing  greatly  in  size  from  Canis  occidentaliSf  but 
differing  somewhat  in  the  dentition,  which  more  nearly  resembles 
that  of  the  Esquimaux  dog  of  to-day,  of  which  it  may  have  been  the 
ancestor.  The  Felidse  are  represented  by  fragments  of  an  animal 
comparable  in  size  with  the  jaguar.  Unfortunately  there  is  not  much 
of  the  skeleton  preserved,  except  the  bones  of  the  foot. 

In  addition  to  the  remains  which  I  have  mentioned  there  are  the 
remains  of  several  other  smaller  carnivores  represented  by  teeth  and 
portions  of  jaws  which  it  has  been  impossible  as  yet  for  lack  of  time 
to  identify. 

The  remains  of  birds  are  not  infrequent,  and  among  them  the 
bones  of  a  large  species  undoubtedly  bdonging  to  the  genus  Mele- 
agris  are  rather  numerous. 

The  collection  abo  contains  the  remains  of  Ophidia  and  Ba- 
trachia.  These  are  scattered  and  so  completely  disarticulated  as  to 
make  restoration  apparendy  hopeless,  and  even  determination  of  the 
genera  problematical. 

It  has  been,  of  course,  impossible,  on  account  of  the  brief  time  at 
the  command  of  the  writer  smce  the  material  was  received,  to  thor- 
oughly work  it  out  and  to  study  it  with  suflSdent  care  to  enable  a 
correct  reference  to  be  made  in  all  cases.  Mr.  Peterson,  who  took 
up  the  material,  b  inclined  to  the  view  that  from  thirty  to  forty  species 
and  several  hundred  individuab  are  represented  in  the  material  which 
has  been  secured. 

A  comparison  of  the  fauna  found  in  this  cave  with  that  dbcovered 
in  a  similar  cave  at  Port  Kennedy  in  the  Valley  of  the  Schuylkill, 
and  which  was  made  the  basis  ck  several  papers  by  Cope,  shows 
many  points  of  similarity  and  some  marked  differences.  The 
scarcity  of  the  remains  of  Megalonyx,  which  were  very  abundant 
in  the  Port  Kennedy  deposits,  b  noticeable.  Some  of  the  neo- 
tropical genera  reported  by  Cope  are  not  found  among  the  re- 
mains taken  from  the  Frankstown  cave.  But  the  exbtence  of  the 
peccary,  the  tapir,  and  of  Ursus  hajdodon,  which,  as  has  been  pointed 
out  by  Cope,  snows  aflSnities  to  the  fossil  Ursidee  of  South  Americai 
rather  than  to  exbtin^  North  American  species,  shows  that  at  the 
time  when  these  deposits  were  made  there  was  a  commingling  on  the 
soil  of  Pennsylvania  of  nearctic  and  neotropical  genera,  though  the 
nearctic  forms  predominated.  The  deposits  in  the  FrarJcstown  cave 
were  probably  a  litde  later  in  their  origin  than  those  at  Port  Kennedy. 

Among  the  modt  interesting  of  aU  the  numerous  specimens  ob- 
tained in  the  cave  at  Frankstown  b  the  mandible  of  a  very  young 
mastodon,  suflSciendy  well  preserved  to  enable  a  study  to  be  made 
of  the  early  stages  of  the  dentition.  It  is,  I  think,  the  most  perfect 
specimen  of  its  kind  in  exbtence  in  any  collection.  It  recalb  at 
once  the  publication  by  Godman  in  1830  of  his  genus  Tetracauloden 
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for  the  reception  of  certain  specimens  which  Hays  in  1834  figured 
in  the  Transactions  of  the  American  Philosophical  Society  for  that 
year.  Hays  with  great  chivalry  defended  the  position  of  Godman, 
which  had  been  assailed,  and  maintained  the  valid  character  of 
the  genus  Tetracaulodon,  which  was  based  principally  upon  the 
existence  of  four  incisors  or  tusks  in  the  lower  jaw.  No  better 
evidence  of  the  correctness  of  the  position  of  Godman's  critics  could 
be  found  than  that  given  by  the  remains  discovered  in  the  Franks- 
town  cave. 

The  presence  of  the  remains  of  numerous  infant  mastodons  and 
of  various  species  of  artiodactyls  in  the  cave,  associated  with  the 
remains  of  the  huge  Arctodus  haplodon,  suggests  that  the  latter,  at  a 
time  when  what  later  became  a  sealed  cavern  was  still  an  open  deft 
in  the  rocks,  preyed  upon  young  mastodons,  which  may  have  been 
separated  from  their  mothers  and  chased  over  the  edge  of  the  cliff- 
like wall.  Falling  to  the  bottom  they  became  an  easy  prey  to  the 
great  bears,  just  as  calves  to-day  fall  a  prey  both  to  the  black  bear  and 
to  the  grizzly.  In  like  manner  these  bears  dragged  into  this  place, 
which  was  their  lair,  in  order  to  feed  their  young,  the  carcasses  of  deer 
and  other  hoofed  animals.  Or  they  may  have  driven  them  over  the 
rocks,  as  it  is  possible  to  imagine  that  the  young  mastodons  were  driven. 
Arctodtis  haplodon  was  a  bear  somewhat  larger  than  the  grizzly  and 
in  weight  might  well  have  been  quite  equal,  if  not  superior,  to  a  young 
mastodon,  judging  from  the  size  of  the  jaws  of  the  latter  which  we 
possess.  A  young  mastodon  could  not  have  been  larger  than  a  baby 
elephant  and  probably  was  not  more  than  three  and  a  half  feet  in 
height  It  is  an  interesting  picture  of  the  life  of  the  Plebtocene  period 
in  Pennsylvania  which  these  fragments  suggest 
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STUDIES  OF  GASTROPODA,  IV^— VALUE  OF  THE  PRO- 
TOCONCH  AND  EARLY  CONCH  STAGES  IN  THE 
CLASSIFICATION   OF  GASTROPODA 

A.  W.  GRABAU 

CoBfPABATiYELY  little  attention  has  been  paid  by  students  of  the 
gastropod  shell  to  the  characters  of  the  protoconch  and  of  the  early 
conch  stages.  It  is  true  that  in  recent  years  several  conchologists 
and  palaeontologists  have  b^un  to  figure  and  briefly  describe  the 
protoconch  of  gastropods,  but  only  in  a  few  cases  has  the  attempt 
been  made  to  use  it  as  a  guide  in  the  determination  of  genetic  relation- 
ships. There  is,  moreover,  a  diversity  of  opinion  regarding  the 
reliability  of  protoconchial  characters  as  indices  of  relationships,  and 
several  eminent  students  of  the  moUusca  have  placed  themselves  on 
record  as  distinctly  opposed  to  the  granting  of  classificatory  value  to 
the  nuclear  shell  portion.  It  behooves  us,  then,  in  the  first  place  to 
inquire  what  relationship  exbts  between  the  protoconch  and  the 
rest  of  the  shell,  and,  secondly,  what  part  it  plays  in  the  record  of  the 
ontogenetic  development  as  furnished  by  the  shell,  and  finally  what 
evidence,  if  any,  it  bears  in  phylogeny. 

Relationship  of  protoconch  and  conch.  —  The  protoconch  forms 
the  apical  or  nuclear  portion  of  the  gastropod  shell,  and  is  recogniz- 
able in  the  majority  of  well-preserved  shells.  Only  in  a  few  groups  is 
it  normally  resorbed  or  habitually  broken  off  during  the  later  stages 
of  development  In  most  forms  it  persists  throughout  the  life  of  the 
animal,  and  is  lost  only  through  accidental  wear  or  solution.  That 
it  is  so  often  missing  in  recent  shelb  is  due  to  the  carelessness  of  col- 
lectors or  custodians  to  whom  adult  characters  alone  appeal.  The 
wretched  practice  of  "cleaning"  shells  with  acid  is  also  responsible 
for  the  destruction  of  the  protoconch  characters  in  most  of  the  shelb 
of  some  of  our  large  collections. 

The  beginning  of  the  protoconch  is  in  the  late  embryonic  stages 
of  development  In  the  majority  of  the  gastropods  it  is  formed  during 
or  before  the  veliger  period,  or,  if  that  stage  is  degenerate  or  wanting, 
during  the  period  preceding  the  free  life  of  the  individual.  Thus,  in 
Planorbis  and  other  pulmonate  gastropods,  the  embryonic  shell  is 
well  developed  as  a  thin  hyaline  membrane  covering  the  greater 
part  of  the  embryo  even  before  the  head  and  foot  are  fully  differ- 

'  Investigations  carried  on  by  the  aid  of  a  grant  from  the  Hermann  Fimd 
of  the  Coimcil  of  the  Scientific  Alliance  of  the  City  of  New  York. 
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entiated.  Before  the  embryo  leaves  the  ^g  mass  and  becomes  free, 
the  shell  has  already  begun  to  coil.  The  size  of  the  initial  shell  is 
here  clearly  detennined  by  the  size  of  the  embryo  which  under  uniform 
conditions  of  environment  varies  but  little.*  This  is  true  of  fresh- 
water and  terrestrial  gastropods  as  a  whole,  the  animal  leaving  the 
egg  capsule  with  a  weU-developed  shell.  In  viviparous  forms,  such  as 
Paludina,  the  shell  is  likewise  well  developed  in  the  later  embryonic 
stages. 

The  hyaline  shell  of  conchyolin  is  secreted  first  and  grows  in  size, 
as  the  embryo  grows,  by  addition  to  the  free  margin  of  the  shell 
Impregnation  with  lime  salts  takes  place  at  a  later  date,  sometimes 
during  and  sometimes  after  the  capsular  stage.  In  rare  cases  the 
protoconch  is  not  impregnated  but  remains  in  a  corneous  condition, 
in  which  case  it  fails  of  preservation.  The  size  of  the  initial  whoris 
of  the  calcareous  protoconch  is  thus  determined  by  the  size  of  the 
hyaline  shell,  whidi  in  turn  is  a  measure  of  the  size  of  the  embryo  at 
the  time  the  shell  was  forming.  In  a  large  number  of  marine  proso- 
branchiate  gastropods,  as  well  as  some  other  groups,  the  embryo 
leaves  the  egg  envelope  In  the  veliger  stage  and  leads  a  free-swimming 
mero-planktonic  existence.  In  these  the  shell  is  well  developed,  so 
much  so  that  in  the  older  larva  the  head  and  velum  may  be  withdrawn 
into  it.  Thus  the  form  and  size  of  the  early  whorb  of  the  protoconch 
in  these  types  is  determined  in  the  first  place  by  the  form  and  size  of 
the  embryo. 

In  a  number  of  marine  Prosobranchiates  the  entire  embryonic 
development  of  the  animal  is  passed  through  within  the  ^g  capsule, 
the  animal  emerging  with  a  fully  developed  calcareous  shell  part 

way  along  in  the  conch  stages  of 
development  The  veliger  stage  b 
passed  through  by  these  larva 
within  the  capsule,  and  though  the 
velum  is  well  developed  and  large 
in  some  of  them,  it  is  apparently 
f unctionless  —  at  least  as  an  organ 
of  locomotion,  —  and  disappears  be- 
fore the  animal  leaves  the  egg 
^     ^      „  „  capsule.    Conspicuous  examples  of 

Fig.  1. -Embryo    of  Stcotypus      ^r  development  are  found 

Canaliculatus  showing  Shell      ^^^^^^^  ^i  u^y^iv/pixi^ui,  «»ic  ii/uii^ 
(sH.).    x29.  *^  bycotypus  canaLvculatus   and  m 

FvlgvT  carica  of  the  southern  Atlan- 
tic coast  of  North  America.  Similar  conditions  have  been  observed 
in  species  of  Buccinum  and  Fasciolaria.  The  earliest  stage  in  which 
a  shell  has  been  observed  in  Sycotypus  is  shown  in  Fig.  1.     Here  the 

»  See  Rabl,  Caii,  Uber  die  Entwickelung  der  Tellerschnecke,  Morpho- 
logisches  Jahrbuch,  5,  1879,  p.  562;  Erlanger,  R.  von,  Z\ir  Entwickelung  van 
Paludina  vivipara,  ibid.,  17,  pp.  337-376,  1891. 
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Fig.  2.  —  A  somewhat  Older  Embryo 
OF  Stcotypus  Canaliculatus  with 
THE  Velum  (v)  and  Foot  (f) 
more  Strongly  Developed,  bh  = 
Shell,     x  29. 


lobes  of  the  velum  have  just  begun  to  appear,  and  between  them  the 
foot  is  recognizable.     The  shell  is  hyaline  and  slightly  curved,  cover- 
ing about  a  third  of  the  embryo,  which  is  withdrawn  from  the  shell  to 
a  sUght  extent     A  somewhat  older  larva  (Fig.  2,  removed  from  the 
preceding  capsule  a  day  later)  shows  the  velar  lobes  and  foot  some- 
what more  strongly  developed,  while  the  shell  is  abo  slighdy  larger. 
The  shell  at  this  stage  shows  a 
considerable  degree  of  curvature, 
due  to  the  increase  of  growth  on 
one  side  over  the  other,  as  shown 
by  the  lines   of  growth   clearly 
indicated   upon    the    embryonic 
hyaline  shell  (Fig.  3).     As  there      j 
shown  the  original  shell  plate  is 
nearly   circular,   the   progressive 
additions  being  chiefly  upon  one 
side.    The   addition    is    at   first 
symmetrical,  producing  a  nauti- 
loid  type  of  coil.    At  a  somewhat 
later  stage  (Fig.  4)  this  synmietry 
is  disturbed  by  a  slight  excess  of 
growth  on  one  side,  which  thus 
inaugurates  the  spiral  coiling.    This  asymmetry  of  growth  is  still 
better  shown  in  Figs.  5  and  6.      At  about  this  time  the  protoconch 
becomes  impregnated  with  lime,  this  impregnation  beginning  in  the 
earlier  portion  of  the  protoconch,  so  that  only  the  newly  added  por- 
tion is  hyaline  (Figs.  7,  8).     After 
this  the  lines  of  growth   become 
more  strongly  marked  and  crowded, 
as  the  calcareous  salts  are  rapidly 
deposited  (Fig.   9)   until  the  first 
volution    is   completed.      At  this 
stage    the    shell    is    umbilicated 
(Fig.    10),   and   the  velum  about 
half  developed.     This  marks  the 
completion     of     the     protoconch 
proper,  but  the   velum   does   not 
reach  its  full  size  until  the  char- 

acteristic    form,    though    not    the 

ornamentation  of  the  shell,  is 
produced.  The  velum  disappears 
entirely  before  the  animals  leave 
the  egg  case. 

At  the  completion  of  the  first  volution,  near  the  end  of  the  proto- 
conch stage,  the  diameter  varies  from  1.3  to  1.64  mm.,  though  in  one 
case  (Fig.  9)  it  appears  to  be  as  high  as  1.75  mm.    When  the  velum  is 


YiQ,  3.  —  Hyaline  Shell  of  Syco- 
TYPU8  Canaliculatus  showing 
the  Mode  of  Increase,     x  48. 
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fully  developed  just  before  emergence  from  the  egg  capsule,  a  typical 

specimen  measured  3.18  mm.  in  height    Fvlgur  carica  at  the  same 

stage  has  a  length  of  4.59  mm. 

The  size  of  the  embryonic  shell  is  here 
clearly  determined  by  the  size  of  the  em- 
bryo, and  since  this  stage  is  passed  through 
entirely  within  the  capsule  it  can  have  no 
inmiediate  relationship  to  the  environment 
Moreover,  variation  in  the  size  of  the 
initial  whorl  occurs  imder  apparently  uni- 
form environment  Thus  ihe  protoconch 
of  Fvlgur  carica,  which  lives  side  by  side 
with  Sycotypus  canaliculaitis,  has  an  aver- 
age diameter  of  1.8  mm.  or  over,  while 
the  average  diameter  of  the  protoconch  of 
S.  canalicmUUvs  is  1.3  mm.  or  less.  As  has 
been  noted,  there  is  a  corresponding 
difference  in  the  size  of  the  shell  as  a  whole 
on  hatching.    In  Fasciolaria  gigantea  the 

initial  whorl  has  a  diameter  of  2.35  nmi.,  while  that  of  Buccinvm 

undatum  is  1.11  mm. 

In  a  recent  article  entitled  "  Ueber  Heterostylie  bei  Schnecken- 

schalen  und  ihre  Erklarung,"  Professor  Dr.  O.  Boettger,  of  Frankfurt 


Fig.  4.  —  Hyaline   Shell 
OP   Sycotypus    Canau- 

CULATUS      AT    A      LaTER 

Stage  than  that  shown 
IN  Fig.  3,  showing  Be- 
ginning OP  Asymmetri- 
cal Coiling,     x  29. 


Figs.  5  and  6.  —  Sycotypus  Canaliculatus,  Early  Hyaline  Shell  (Pro- 
toconch), showing  Beginning  op  Anterior  Notch  and  Asymmetrical 
Coiling,     x  29. 

a.  M.,  attempts  to  explain  the  difference  in  the  size  of  the  initial  pro- 
toconch whorl,  as  well  as  the  difference  in  the  characters  of  the 
protoconch  as  a  whole,  by  the  assumption  that  the  larger  initial  whorl 
is  characteristic  of  the  deep-sea  form,  while  the  smaller  one  is  nor- 
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mal  for  the  same  species  occurring  in  shallower  water.  After  citing 
some  observations  of  Sturany's  to  this  effect,  observations  which  we 
shall  discuss  more  at  length  presently,  he  says : 

"Ich  glaube  aus  diesen  interessanten  und  wichtigen  Beobachtungen 
den  Schluss  ziehen  zu  diirfen  dass   in  gewissen  Gattungen  —  hier  bei 

Murex  und  Fusus  —  ein  und 
dieselbe  Schneckenart  zweierlei 
verschiedene  Wirbelformen  aus- 
zubilden  im  Stande  ist,  und 
dass  sich  diese  Fahigkeit  richtet 
nach  der  Tiefe  des  Meeres,  in 
der  die  Schnecke  lebt.  Die 
Strandformen  begniigen  sich 
mit  dem  kleineren,  spitzeren 
Wirbel,  die  Tiefseeform  musste, 
um  sich  am  Leben  zu  erhalten, 
zu  dem  grossblasigen  Wirbelty- 
pus  ihre  Zuflucht  nehmen  ..." 


Fig.  7.  —  Sycotypus  CANALicmATus, 
Early  Stage  op  Protoconch,  showing 
BY  Shading  the  Part  impregnated 
WITH  Lime,     x  32. 


And  again: 


"  Der  grossblasige  Wirbel 
kann  theoretisch  zwei  Zwecken 
dienen.  Entweder  die  Raumvergrosserung  hat  den  Zweck, —  was  auf  den 
ersten  Blick  als  das  nachstliegende  erscheint,  —  die  Schale  zu  erleichtem, 
um  dem  darin  wohnenden  Tiere 
eine  schnellere  oder  bequemere 
Ortsveranderung  zu  gestatten,  mit 
anderen  Worten  seine  aktive  Be- 
wegungsfahigkeit  zu  vergrossern, 
oder  sie  hat  die  Aufgabe,  zu  verhin- 
dem,  dass  die  Schnecke  in  dem 
weichen  Schlamme  der  Tiefsee 
einsanke,  und  hier  aus  Nah- 
ningsmangel  oder  aus  anderen 
Ursachen  zu  Grunde  gehe  ..."  * 


Fig.  8.  —  Sycotypus  Canaliculatus 
Protoconch,  impregnated  with 
Lime,  except  the  Outer  or  Last 
Added  Band,     x  32. 


The  observations  on  which 
Boettger  bases  these  generaliza- 
tions were  made  by  R.  Sturany 
on  Murex  and  Fusus  of  the  Red 
Sea.2 

Two  forms  of  Fusus  are  de- 
scribed and  figured  by  Sturany,  Fusus  bifrons  Stur.  and  F.  paucicostaim 
Stur.     The  latter  is  regarded  as  only  a  variety  of  the  former,  though 

*  O.  Boettger,  NachrichtsblaU  d.  deutsch.  MoLakologiachen  Geaellschafft,  1905, 
pp.  28-29. 

*  R.  Sturany,  Die  Gastropoden  des  Roten  Meeres,  Denkachr.  d.  Math,-  not 
Classe,  K,    Akad,  d,  Wiasenachaften,  Wien,  74,  1903. 
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it  might  well  be  elevated  to  the  rank  of  a  distinct  species.    Of  the 
second  species  Sturany  says :  ^ 

"Die  als  F.  paucicostata  bezeichnete  Abweichung  vom  Typus, 
verrSt  sich  gewohnlich  schon  bei  jungen  Schalen  durch  das  relativ  gross- 
blasige  Embryonalgewinde,  sowie  durch  das  friihzeitige  aufhoren  der 
Querwttlste,  ..." 

Sturany  gives  no  measurements  of  the  protoconchs,  only  of  the 
shell  as  a  whole.  Judging  his  figures  to  be  accurate  reproductions,  we 
find  that  the  initial  whorl  of  an  adult  Fustis  bifrons  (Sturany,  PL  1, 
Fig.  1  a)  has  a  diameter  of  1.9  mm.,  the  shell  coming  from  a  depth  of 
800  meters.  The  diameter  of  the  initial  protoconch  whorl  of  the  young 
individual  of  the  same  species  figured  by  Sturany  (PI.  1,  Fig.  3  a)  fe 
1.6  mm.,  the  individual  coming  from  a  depth  of  780  meters.  It  is 
clear  that  this  difference  in  size  is  not  due  to  the  difference  in  age  of 
the  individual,  since  in  no  conceivable  manner  can  the  protoconch  of  a 
Fusus  shell  be  subsequently  enlarged.  It  b  clearly  a  case  of  original 
variation  (assuming  tfie  figures  to  be  accurate).  That  the  difference 
of  20  meters  is  sufficient  to  produce  this  difference  in  size  is  not  to 
be  considered  for  a  moment,  nor  do  I  believe  Boettger  had  in  mind 
such  slight  variations  in  his  generalizations. 

Turning  now  to  Fustis  paveicostata  Stur.,  we  find  that  the  only 
protoconch  figured  by  Sturany,  that  of  a  young  individual  from  a 
depth  of  690  meters,  is  2.15  mm.  or  .25  mm.  greater  than  that  of  the 
largest  protoconch  of  F.  bifrons.  It  should  also  be  noted  that  the  two 
individuals  of  F.  bifrons  figured  by  Sturany  actually  come  from  a 
greater  depth  (780  and  800  meters)  than  does  the  figured  specimen 
of  F,  paveicostata  with  the  larger  protoconch  (690  meters).  Taking 
the  ranges  of  these  species  as  a  whole,  F.  paticicostaia  ranges  from  490 
to  876  meters  or  through  386  meters,  while  the  specimens  of  F.  bifrons 
measured  by  Sturany  range  from  690  meters  to  800  meters,  though  the 
total  recorded  range  is  from  690  to  900  or  through  210  meters.  It  thus 
appears  that  Boettger's  generalizations  are  scarcely  applicable  to 
this  species,  though  he  has  used  it  as  one  of  his  illustrations.  In  fact, 
it  appears  that  the  greater  range  of  variability  in  size  of  the  protoconch 
is  wiAin  the  same  species  in  nearly  the  same  depth,  the  difference  being 
.3  mm.,  whereas  the  difference  between  the  larger  protoconch  of  F. 
bifrons  and  that  of  F.  paucicostata  from  less  depth  is  only  .25  mm. 
Nor  does  the  difference  in  size  correspond  to  difference  in  depth,  for 
the  two  species  occur  side  by  side,  the  one  with  a  smaller  protoconch 
sometimes  even  occurring  at  greater  depths  than  the  species  with 
large  nucleus.  1 1  is  apparendy  a  case  of  variation  independent  of  direct 
environment,  —  certainly  the  factors  appealed  to  by  Boettger  are  not 
operative  here. 

It  should  be  further  noted  that  though  there  is  a  difference  in  size 

»  hoc,  cU.,  p.  220. 
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of  the  protoconch  there  is  no  difference  in  the  form  and  other  charac- 
teristics. In  both  species  the  protoconch  is  the  typical  Fusus  proto- 
conch consisting  of  an  oblique  and  rather  large  first  whorl,  with  the 
succeeding  wiorls  coiling  on  a  partially  rotated  axis  and  ornamented 
by  fine  vertical  riblets.  The  protoconch  stops  abruptly,  and  the 
normal  shell  with  ribs  and  spirals  begins  abrupdy.  This  type  of 
protoconch  has  been  observed  by  the  present  writer  in  twenty-one 
^  other  species  of  Fusus,  in  all  species  of  true  Fusus,  in  fact,  in 
which  the  apex  was  preserved.*  In  species  of  Fusoid  shells  in  which 
the  protoconch  was  of  a  different  type  a  marked  difference  was  also 
found  in  the  characters  of  the  early  whorls. 

I  do  not  for  a  moment  intend  to  imply  that  the  protoconchs  of  all 
the  species  of  Fusus  examined  by  me  were  absolutely  alike.  I  only 
mean  that  they  were  alike  in  kind ;  they  were  all  built  on  a  unit  plan, 
one  which  is  readily  recognizable  as  the  Fusus  type  of  protoconch. 
Such  variations  as  occur  are  of  the  kind  found  in  the  two  species  of 
Fusus  described  by  Stm^ny,  i.  e.,  the  size  of  the  initial  whorl  varies 
and  with  it  the  size  of  the  protoconch  as  a  whole.  Furthermore, 
a  difference  in  the  number  of  volutions  exists,  these  varying  from  a 
little  less  than  one  and  a  half  volutions  to  two  volutions  (Fusus  longiros- 
iris),  the  average  being,  however,  one  and  a  half  volutions.  The  di- 
ameter of  the  first  volution  of  a  specimen  of  modem  Fusus  turriculus 
is  .97  mm.,  that  of  a  Pliocene  Fusus  bredcs  .66  mm.;  that  of  a  Pli- 
ocene Fusus  longirostris  .8  mm.,  and  that  of  an  Eocene  Fusus  asper 
.85  mm.  Another  modern  specimen  of  F.  turriculus  has  a  diameter 
of  the  initial  whorl  of  1.4  mm.  Another  variation  that  is  frequently 
very  marked  is  in  the  number  of  riblets  on  the  last  whorl  of  the  pro- 
toconch, these  being  in  some  cases  very  few  (F.  acuminaius  Sowerby), 
occupying  only  a  small  fraction  of  a  whorl,  while  in  others  they  are 
very  numerous  and  crowded  and  may  occupy  an  entire  whorl  (F, 
longirostris  Brocchi).     (See  Phylogeny  of  Fusus,  pi.  xvii,  fig.  3.) 

In  spite  of  these  variations  the  fundamental  plan  of  the  Fusus 
protoconch  is  recognizable,  and  has  so  far  not  been  found  wanting  in 
any  true  Fusus,  indicated  as  such  by  all  the  shell  characters. 

The  form  and  size  of  the  protoconch  of  such  near  relatives  of 
Fusus  as  Fulgur,  Sycotypus,  Buccinum,  and  Fasciolaria  are,  as  we 
have  seen,  determined  by  the  size  of  the  embryo  and  established  long 
before  the  individual  begins  its  free  existence.  It  is  diflScult  to  conceive 
of  any  direct  influence  of  the  environment  in  establishing  these  feat- 
ures. So  far  as  size  is  concerned,  it  has  been  shown  that  it  varies 
greatly  in  the  four  genera  cited,  although  all  of  them  live  within  the 
same  general  depth,  and  at  least  two  of  them,  Fulgur  and  Sycotypus, 
are  almost  constantly  associated.  In  these  the  protoconch  is  large, 
larger  in  fact  than  in  most  species  of  Fusus,  yet  they  are  largely  con- 

>  A.  W.  Grabau,  Phylogeny  of  Fusus  and  its  Allies,  Smithaonian  Miacd- 
laneoua  CoUectionSf  No.  1417,  p.  8. 
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Fig.  9.  -^iSycotypus    Canalicxjlatus. 
Completed  Pbotoconch.    x  32. 


fined  to  depths  of  from  1  to  10  fathoms.  That  the  size  of  the  initial 
whorl  of  the  protoconch  has  any  selective  value  seems  extremely 
doubtful,  and  is  strongly  n^atived  by  the  occurrence  under  the  same 

conditions  of  species  with  a 
large  and  those  with  a  smaller 
initial  whorl. 

Unfortunately  we  have  no  de- 
tailed accounts  of  the  develop- 
ment of  Fusus  and  the  stage  in 
shell  development  reached  by 
the  young  shell  on  emergence 
from  the  egg  capsule.  From 
analogy  with  its  near  relatives, 
it  seems  highly  probable  that 
the  protoconch  stage  is  com- 
pleted before  emergence,  and 
that  it  therefore  comes  under 
the  same  consideration  as  that 
of  Fulgur  and  Sycotypus. 

Even  if  we  could  accept  the 
theory  that  the  size  of  the  initial 
whorl  has  a  selective  value,  it  becomes  nearly  impossible  to  assign  such 
a  value  to  the  ornamentation  of  the  later  protoconch  whorls  of  Fusus 
and  allied  types.  That 
the  possession  of  few  or 
many  riblets,  or  for  that 
matter  their  absence  or 
presence,  can  have  any 
direct  selective  value,  is 
difficult  of  conception. 
Certainly  that  such  vari- 
ation may  be  brought 
about  in  individuab  of 
the  same  species  by  the 
direct  influence  of  greater 
or  less  depth  and  of  bot- 
tom characters  must  be 
considered  a  far-fetched 
hypothesis.  We  can,  I 
believe,  refer  these  vari- 
ations with  every  degree 
of  confidence  to  varia- 
tions in  the  embryo,  to  the  greater  or  less  supply  of  food,  and  to 
the  acceleration  or  retardation  of  shell  development,  by  which  in  one 
case  the  shell,  built  more  slowly,  does  not  reach  the  d^ree  of 
development  or  size  obtained  in  die  case  of  more  accelerate  shell 


Fig.  10.  —  Sycotypus  Canaliculatus.  Pro- 
toconch SHOWING  UmBIUCUS  AND  BEGIN- 
NING OF  Antebior  Notch,     x  32. 
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Fig.    11.  —  Fusus 

(EOCENIC)  SHOW- 
ING Protoconch 
AND  Early  Conch 
Stages,    x  10. 


development  In  other  words,  through  the  operation  of  the  laws  of 
retardation  or  bradygenesb  on  the  one  hand,  and  of  acceleration  of 
tachygenesb  on  the  other,  types  are  produced  with  slightly  modified 
protoconch,  and  those  in  which  the  protoconch  is  strongly  modified, 
these  modifications  appearing  at  an  earlier  stage. 

From  the  facts  so  far  set  forth,  it  would  seem  that  the  protoconch 
characters  are  the  result  of  inheritance  pure  and  simple,  and  that 
therefore  they  are  of  fundamental  significance  and 
importance  in  classification.    Thb  conclusion  is 
further  strengthened  by  the  fact  that  the  type  of 
protoconch  remains  the  same  in  species  of  Fusus, 
whether  found  in  the  Eocenic,  Oligocenic,  Mi- 
ocenic,  Pliocenic,  or  in  the  modem  sea,  and  that 
in  all  the  widely  distributed  species  of  the  present 
day  the  type  of  protoconch  has  no£  been  modified, 
though  the  environment  varies  considerably.   Thus 
Fusus  tvbercvlaius  of  the  sandy  coast  zone  of  the 
Indian  Ocean  and  the  Red  Sea,  Fusus  marmoraius 
from  the  shallow  water  of  the  Gulf  of  Suez,  etc., 
F,  brasiliensis  from  a  depth  of  35  fathoms  off  the 
Brazilian  coast,  F.  rostratu^,  which  ranges  from  2 
to  100  fathoms  (3-182  meters)  in  the  Mediterra- 
nean, F.  eucosmvus  from  coral  reefs  at  depths  of 
27  to  50  fathoms  oflf  Key  West,  and  F.  colu^  from  the  East  Indies, 
Philippines,  Indian  Ocean,  etc.,  at  depths  of  from  10  to  20  fathoms 
(18  to  36  meters),  and  finally,  F.  bifrons  and  F.  paucicostaius  of  the 
Red  Sea,  ranging  to  depths  of  900  meters,  all 
have  the  same  tj^  of   protoconch,  though 
the  characters  of  the  adult  shells  vary  greatly, 
and  of  course  the  variation  in  the  environ- 
ment is  very  pronounced. 

I  have  so  far  spoken  of  the  Fusus  type 
of  protoconch  only  as   characteristic  of  the 
species  of  Fusus.     But  it  is  by  no  means 
restricted  to  that  genus.     An  identical  type 
of  protoconch,  though  differing  in  size,  occurs 
in    Semifusus,    Pugilina,     and     Melongena 
(Fig.  12),  and  again  in  Aptyxis,  a  close  rela- 
tive of  Fusus,  this  type  of  protoconch  seems 
to   be   characteristic.      It  is  also  found  in 
Purpura.    This  b  precisely  what  we  should 
expect  if  the  protoconch  characters  are  due  to  inheritance,  and  not 
to  local  influence  of  environment  during  the  development  of   the 
individual  as  claimed  by  Boettger.     It  Is,  of  course,  perfectly  obvious 
that  if  the  hard  parts  of  moUusks  represent  in  permanent  form  the 
successive  steps  in  ontogenetic  differentiation,  then  the  earliest  of 


Fig.  12.  —  Semifusus 
Protoconch  and 
Early  Conch  Stages. 
x4. 
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these  hard  parts,  i,  e,,  the  protoconch,  should  preserve  primitm 
characteristics  which  a  large  number  of  related  types  have  in  com- 
mon. As  I  have  repeatedly  emphasized,  the  earliest  stage  of  the 
protoconch,  i,  e,,  the  first  volution,  is  of  the  same  type  in  the  majority 
of  living  gastropods,  being  a  simple  smooth  and  umbilicated  coil, 
with  the  tube  gradually  enlarging,  and  with  the  aperture  nearly 
circular,  and  holostomous  (Fig.  10).  Thb  type  recalb  the  adult 
characters  of  the  earliest  known  coiled  gastropod,  StraparoUim 
remota  of  the  lower  Cambric  of  northeastern  North  America,  a  type 
which  may  well  be  regarded  as  the  ancestral  coiled  gastropod. 

That  Semifusus,  Pugilina,  etc.,  and  Aptyxis  are  closely  related 
to  Fusus  admits  of  no  doubt  They  are  derivatives  from  the  same 
ancestral  stock,  which  probably  was  more  nearly  Fusus-like,  and  this 
relationship  is  shown  in  the  identity  of  types  of  protoconch.  The 
Eocene  Clavilithes  and  the  Cretacic  (?)  to  modem  Latyrus  and  Pur- 
pura are  more  distantly  related  to  Fusus,  representing  early  offshoots 
from  the  same  ancestral  stock  from  which  Fusus  was  derived.  This 
relationship  is  seen  in  the  similarity  of  protoconch. 

In  commenting  on  my  generic  separation  of  Aptyxis  from  Fusus 
on  the  basis  of  difference  of  adult  characters,  whUe  the  protoconch 
and  early  conch  stages  are  identical,  Cossman  ^  says:  ".  .  .  et  c'est 
Ik  pr^cis^ment  que  le  principe  pgs^  par  M.  Grabau  se  trouve  ium6- 
diatement  mis  en  d^faut."  This  sentence  shows  that  Cossman 
wholly  misunderstands  the  principle  in  question,  namely,  that  the 
protoconch  and  early  conch  characters  are  indicative  of  genetic  (not 
necessarily  generic)  relationship.  Although  I  have  asserted,  and  still 
most  emphatically  assert,  that  no  true  Fusus  can  have  other  than  the 
Fusus  type  of  protoconch,  I  have  nowhere  said  that  I  considered  the 
Fusus  type  of  protoconch  confined  to  Fusus.  Indeed,  I  have  given 
illustrations  of  the  Fusus  type  of  protoconch  in  different  genera,  but  I 
have  maintained  and  still  maintain  that  these  genera  in  which  this 
type  of  protoconch  is  known  to  occur  are  either  close  relatives  of 
Fusus,  or  derived  genetically  from  the  stock  from  which  Fusus  was 
derived,  and  that  the  protoconch  is  the  surest  indicator  of  this  rela- 
tionship, or,  as  Boettger  has  well  phrased  it,  "Ein  Adelsbrief  .  .  . 
der  Gattung  und  Famille  von  der  die  Schnecke  abzulciten  sel"' 
If  Professor  Boettger  would  only  see  the  truth  of  this  statement 
of  his. 

On  the  hypothesis  defended  by  Boettger,  Cossman,  and  others 
that  the  protoconch  is  variable  even  within  the  genus  to  the  extent 
that  an  entirely  different  type  of  protoconch  may  be  developed,  it  is 
absolutely  incomprehensible  why  the  Fusus  type  of  protoconch 
should  be  maintained  in  its  essential  unity  in  a  variety  of  related 
genera,  and  be  replaced  by  a  wholly  different  type  in  some  supposed 

»  EssaU  de  Palceocanchologief  ?•  liv.  p.  226. 
*  Loc.  cU.,  p.  29. 
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species  of  Fusus  itself.  It  is  not  difficult,  however,  to  understand  the 
existence  o.f  this  type  of  protoconch  in  descendants  of  a  common 
ancestor,  but  on  this  interpretation  the  species  of  fusoid  shells  with 
a  protoconch  of  a  different  type  (i.  e,,  ** Fusvs'*  meyeri  Aldrich, 
**Fvsus"  serratus  Desh.,  *' Fusus"  quercollis  Harris,  etc.),  must  be 
regarded  as  unrelated  to  true  Fusus,  though  resembling  it  in  adult 
form.  It  is  interesting  to  note  that  in  the  species  cited  not  only  is  the 
protoconch  quite  distinct  in  type,  but  that  the  young  shell  characters 
are  likewise  different  from  those  of  all  species  of  true  Fusus,  i.  e., 
species  with  a  Fusus  type  of  protoconch. 

The  foregoing  considerations  lead  to  the  inevitable  conclusion 
that  the  protoconch  of  Gastropods  has  a  very  important  phylogenetic 
significance,  in  that  it  preserves  intact  inherited  characteristics, 
instead  of  being  merely  a  product  of  local  environmental  conditions. 
The  gastropod  protoconch  is  therefore  a  true  guide  to  phyletic  rela- 
tionship, and  it  becomes  invaluable  for  the  determination  of  the  larger 
taxonomic  divisions.  It  follows,  as  a  natural  corollary,  that  smaller 
divisions,  such  as  genera,  must  have  all  their  species  agree  in  the  type 
of  protoconch,  and  that  in  consequence  the  protoconch  becomes 
the  primary  guide  in  the  determination  of  genera,  and,  conversely, 
no  genus  can  have  species  with  different  types  of  protoconch, 
although  variation  within  the  type  may  be  considerable.  The 
protoconch  is  often  more  reliable  than  the  adult  shell  charac- 
ters, as  illustrated  by  the  so-called  Eocenic  fusoid  shells  above 
referred  to. 

The  early  conch  stages,  —  These  represent  the  degree  of  devel- 
opment reached  by  the  infant  individual,  and  in  related  species  of 
the  same  genus  are  identical  in  all  essentiab.  Absolute  identity  can- 
not of  course  be  looked  for,  for  individual  differences  exist  here  as 
in  the  later  stages,  though  they  are  less  marked  and  may  escape  notice 
altogether.  Not  infrequently  the  earliest  morphic  stages  of  the 
conch  are  omitted  or  telescoped  with  the  later  protoconch  stages  as  in 
Fusus.  Here  the  conch  begins  abruptly  with  round  whorls,  simple 
rounded  ribs  which  extend  from  suture  to  suture,  and  a  few  nearly 
uniform  primary  spiral  lines  (Figs.  11,  15*).  In  most  species  this 
round  whorled  stage  is  followed  by  an  angulation  of  the  whorl,  which 
may  begin  very  late  or  after  only  a  few  round  whorls.  In  all  species, 
however,  with  a  Fusus  protoconch  the  round  whorled  stage  appears 
first.  Secondary  spiral  lines  generally  appear  in  the  older  portion  of 
the  shell.  These  may  appear  very  early,  after  only  a  few  volutions, 
with  simple  spirals,  or  late,  when  the  round  whorled  condition  changes 
to  the  angular  whorled  one.     In  all  cases  of  true  Fusus  the  earliest 

>  The  figure  does  not  emphasize  sufficiently  the  sharp  contrast  between  the 
delicately  nbbed  final  portion  of  the  protoconch  and  tne  coarsely  ribbed  and 
spiralled  conch.  The  contrast  is  as  pronounced  as  in  Fig.  12,  but  the  conch 
whorls  are  rounded. 
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conch  whorls  bear  simple  spirab.    That  these  early  conch  whorls,  with 

rounded  ribs  and  simple  spirab  represent  the  adult  condition  of  the 

ancestral  species  of  Fusiis,  is  shown  by  the  fact  that  these  Eocenic 

species  {Fusua  porrectvs,  F.  aciculatus,  F.  asper,  etc.)  do  not  pass 

beyond  this  simple  condition  of  the  whorls  in  the  adult  (Fig.  13). 

All  Eocenic  species  of  Fusoid  shelb  (so  far  as  examined  by  the  writer) 

which  pass   beyond  this  condition  in  the  adult 

have  a  type  of  protoconch  wholly  distinct  from 

that  of   Fusus,  and   in  fact  are  not  species  of 

Fusus  at  all.     Examples  of  such  are  ''Fusus" 

serraius  (Desh.)  of  the  Paris  Eocenic,  and  "Fusus" 

meyeri    (Aldrich)  and  ** Fusus"  quercoUis  Harris, 

of  the  American  Eocenic. 

The  first  of  these  species  is  not  only  widely 
.  distinct  in  its  adult  characters  from  the  true  Fusus 
of  the  Eocenic,  but  abo  differs  markedly  in  the 
characters  of   the  protoconch  and  early  conch- 
whorb.  This  difference  b  not  one  of  degree  but 
of  kind,  the  protoconch  being  constructed  on  a 
Fi      13  —  Fus        distinct  plan.     Cossman  regards  thb  species  as  a 
AsPER  (Eocenic).     ^^^  Fusus  sens,  strict.,  but  both  protoconch  and 
X  5/3.  early  conch  characters  indicate  that  its  origin  is 

most  likely  from  some  of  the  early  shelb  generally 
referred  to  Pleurotoma,  In  a  previous  publication^  I  placed  this 
species  provisionally  and  with  a  query,  in  the  same  genus  with 
''Fusus"  meyeri  Aid.,  which  was  made  the  type  of  the  genus 
Fabifusus;  I  further  pointed  out  the  differences  between  the  proto- 
conchs  of  the  two  species,  and  added:  ''It  b  most  probable  that  the 
present  species  [F.  serratus]  has  originated  entirely  independently 
of  the  American  Fusoid  shelb,  probably  from  some  Pleurotomoid 
.  ancestor.  If  thb  b  true,  this  species  cannot  be  referred  to  Falsi- 
fusus,  but  must  be  placed  in  a  new  genus." '  M.  Cossman's  state- 
ment " ,  .  .  tandis  que  M.  Grabau  le  classe  parmi  le^Falsifusus!"* 
b  therefore  not  accurate,  and  hb  conmient,  "C'est  la  preuve  la  plus 
^vidente  que  son  crit^rium  est  insuffisanmient  d^fini,"  b  inapplicable. 
Fusus  meyeri  Aldrich  (the  type  of  the  genus  Fabifusus)  b  like- 
wise much  more  accelerated  than  any  true  Fusus,  whether  fossil  or 
recent.  The  early  whorb  (Fig.  14)  are  angular,  a  condition  unknown 
in  true  Fusus,  while  the  protoconch  is  of  a  type  entirely  dbtinct  from 
Fusus,  but  b  similar  to  that  found  in  certain  Pleurotomoid  shelb. 
Only  the  adult  form  b  Fusus-like,  but  one  might  as  well  consider 
Fusus-like  Pleurotomas  related  to  Fusus.  M.  Cossman's  refusal 
to  accept  thb  type  as  dbtinct  from  Fusus  b  a  refusal  to  classify  by 

*  Phylageny  of  FusuSy  etc.,  p.  84. 

»  Loc.  cU.,  pp.  86-86. 

■  Eaaaia  ae  PaUoconchologie  comparie,  Ym©  Ivr.  p.  227. 
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other  than  superficial  adult  characters.  Such  classifications  are  a 
joy  to  the  amateur,  but  they  are  wholly  artificial  and  therefore  un- 
scientific. Fii8v^  quercollis  Harris  has  been  made  the  type  of  the 
genus  Fulgurofusus,  which  M.  Cossman  refuses  to  accept  because 
he  regards  the  differences  in  the  protoconch  and  early  conch  stages 


Fio.  14.  Fio.  16.  Fio.  16. 

Fig.  14.  —  FuLsirusus  Mbyeri,  Pkotoconch  and  Earlt  Ck>NCH  Stages,    x  16. 
Fig.  16. — Fusus  Turriculus,  Protoconch  and  Early  C^nch  Stages,     x  10. 
Fig.  16. — Fulgurofusus  Quercollis  Protoconch  and  Early  Conch  Stages. 
xl6. 

between  this  species  and  true  Fusus  as  "imperceptible."  A  glance 
at  my  illustrations  of  this  protoconch  (Loc,  cit,,  pi.  xvii,  Fig.  6)  re- 
produced in  Fig.  16,  and  that  of  Fusus  {ibid.,  Figs.  1,  2)  reproduced 
in  Fig.  15,  should  have  saved  him  from  this  statement.  So  striking 
are  the  differences  that  it  seems  strange  that  a  man  of  M.  Cossman's 
acumen  could  overlook  them.  If  the  comparison  had  been  made  be- 
tween the  protoconchs  and  early  conch  stages  of  Fulgurofusus  and 
Columbarium,  the  statement  that  the  differences  are  imperceptible 
might  possibly  be  pardoned.  As  well  might  the  protoconch  of 
Fulgur  be  regarded  as  identical  with  that  of  Fusus.  1  can  only  con- 
ceive that  M.  Cossman  must  have  overlooked  the  illustration  (drawn 
with  the  greatest  accuracy  by  Miss  Elvira  Wood,  A.M.,  herself  a 
palaeontologist  and  an  accurate  observer  and  accomplished  artbt) 
and  likewise  missed  the  description  given  under  the  genus.  Only 
the  first  part  of  the  protoconch  of  Fulgurofusus  is  identical  with  that 
of  Fusus,  but  in  the  same  measure  it  is  identical  with  that  of  Fulgur, 
Sycotypus,  Fasciolaria,  Buccinum,  Columbarium,  several  "Pleuro- 
tomas,"  and  others.  It  lacks  entirely  the  delicately  ribbed  later  por- 
tion of  the  Fusus  protoconch,  and  its  final  strong  varix,  —  features 
always  present  in  the  protoconchs  of  true  Fusus.  Instead,  an  angu- 
lation appears  as  in  Fulgur,  this  in  F.  quercollis  (Fig.  17)  being 
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Fig.  17.— Fulgu- 
ropusus  quer- 

COLUS      (after 

Harris). 


double,  but  single  in  F,  rugatus  Aldrich  (Fig.  18).    Ribs  cross  the 
whorb  and  become  nodes  on  the  an^lation. 

If  the  whork  of  a  small  Fulgur  Tost  the  power  of  close  coiling,  so 
that  each  succeeding  whorl  would  embrace  the  preceding  one  only 
to  a  slight  extent,  instead  of  embracing  it  to  the  angulation  at  the 

ambitus,  we  should  have  a  form 

almost  exactly  like  Fulgurofusus. 

Variation  in  the  amount  of  em- 
bracing occurs  in  all  phyletic  lines, 

and  is  a  secondary,  not  a  primary 

feature.    Were  the  objection   to 

the  new  generic  name  a  real  one, 

the   species    in    question   would 

have  to  be  referred  to  Fulgur  as 

the  nearest  genus  described.    But 

they  can    never   be  referred   to 

Fusus  by  any  one  who  has  given 

the  protoconch  and  early  conch 

stages  more  than  cursory  atten- 
tion. 

While  the  early  conch  whorls 
of  true  Fusus  are  always  round,  Semifusus,  an 
accelerated  relative  of  Fusus,  with  the  same  type 
of  protoconch,  shows  an  angulation  in  the  earliest  whorls  (Fig.  12). 
This  angulation  is  of  the  type  which  normally  succeeds  the  round- 
whorled  stage  in  Fusus.  Semifusus  also  departs  from  the  Fusus  type, 
in  its  closer  coiling,  the  whorls  strongly  embracing  each  other  and 
thus  producing  a  coarser,  broader  type  of  fusoid  shell,  resembling  m 
that  respect  the  Fulgurs.  This  is,  of  course,  partly  incident  to  a  more 
rapid  expansion  of  the  shell  due  to  more  rapid  growth  of  the  animal, 
whereas  in  Fusus  the  tube  expands  very  slowly. 

I  believe  that  we  are  justified  in  drawing  generic  lines  among 
gastropods  on  the  basis  of  agreement  of  early  conch  characters,  as 
well  as  protoconchs.  Certainly  no  two  types  in  which  the  early 
conch  characters  are  markedly  distinct  should  be  considered  congen- 
eric, even  though  the  protoconchs  agree,  unless  it  can  be  shown  that 
the  difference  in  the  early  conch  stages  is  due  to  greater  or  less  accel- 
eration in  development.  Of  course  it  may  seem  desirable  to  draw 
generic  lines  more  closely  than  this,  for  species  agreeing  in  the  pro- 
toconch and  early  conch  characters  may  yet  differ  so  widely  in  adult 
characters  that  it  may  be  necessary  to  make  two  or  more  distinct 
genera.  In  that  case  the  early  conch  stages  and  the  protoconch  as- 
sume family  or  ordinal  values. 


Fig.  18.  — Fulgu- 
rofusus Ru- 
GATUS  (after 
Harris). 
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MUTATIONS   OF   SPIRIFER   MUCRONATUS 

(Abstbact) 
A.  W.  GRABAU  AND  MARGARET  REED 

Spirifer  mucronalua  (Vanuxem)  is  a  characteristic  brachiopod  of 
the  Middle  Devonic  or  Hamilton  formation  of  North  America.  It 
is  an  exceedingly  variable  type,  and  its  abundance  makes  it  a  satis- 
factory one  for  investigation.  Five  dbtinct  lines  of  independent 
evolution  have  so  far  been  discovered,  each  starting  with  the  normal 
long-winged  or  mucronate  type  of  the  lower  Hamilton,  ^f  hese  lines 
are  Spirifer  mucronaius  Vanuxem  s.  s.,  Sp.  thedfordensis  Shimer  and 
Grabau,  Sp.  profuniua  Grabau,  Sp,  mucronaius  var.  aUenuaius  Gra- 
bau,  and  Sp,  mucrcmalus  var.  muUiplicatus  Grabau.  Each  of  these 
shows  a  progressive  development  from  a  broad  mucronate  type  to  a 
short  non-mucronate  type,  the  development  being  parallel  in  the  vari- 
ous series.  Thb  is  expressed  by  the  shell  index  of  the  pedicle  valve 
obtained  by  measuring  its  length  from  beak  to  front  along  the  median 
curvature  and  dividing  this  into  the  width.  The  usual  method  of 
measuring  the  height  of  the  valve  on  a  vertical  line  from  beak  to  front 
does  not  give  an  accurate  representation  of  the  proportions.  The 
primitive  mutations  of  Sp,  mucronaius  range  about  an  index  of  3, 
the  width  being  three  times  the  length.  A  series  from  the  lower  Ham- 
ilton of  Michigan  showed  a  range  from  3  to  0.85,  with  practically  all 
intermediate  stages  represented  by  adults,  all  derived  from  one  locality 
and  horizon.  The  index  of  the  predominant  mutations  ranged  from 
2.1  to  2.3.  At  an  earlier  stage  (the  neanic)  the  index  of  the  most 
rotund  form,  which  in  the  adult  was  0.85,  was  1.77,  there  being  in 
the  series  an  adult  form  with  the  same  index.  This  shows  that  the 
short  or  rotund  mutation  with  the  low  index  passed  through  a  more 
primitive  stage  or  stages  in  its  ontogeny,  these  same  stages  being  still 
persistent  in  less  accelerated  adult  types  associated  with  it. 

Spirifer  thedfordensis  S.  &  G.  from  the  upper  Hamilton  of  Ontario, 
Canada,  ranged  from  1.76  to  0.73,  the  dominant  individuals  aver- 
aging from  1.1  to  1.2.  It  will  be  observed  that  in  this  later  horizon 
the  entire  series  has  progressed  towards  lower  indices,  the  most  prim- 
itive (or  least  accelerated)  individual  having  a  much  lower  index 
than  the  corresponding  primitive  individuals  of  the  lower  series 
from  which  S.  thedfordensis  was  derived.  It  will  also  be  noted  that 
the  index  of  the  half-grown  (neanic)  stage  of  the  individual  repre- 
senting the  most  advanced  condition  in  the  earlier  series  corresponds 
almost  precisely  to  the  index  of  the  least  specialized  adult  of  the  higher 
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series.  It  is  further  evident  that  the  dominant  mutation  of  S.  thedfof" 
densis  has  a  lower  index  (1.1  to  1.2)  than  the  dominant  mutation  of 
S.  mvcronatus  s.  s.  from  the  lower  horizon  (2.1  to  2.3),  and  likewise 
that  the  most  specialized  member  of  the  thedfordensis  series  has  a 
lower  index  (0.73)  than  the  most  specialized  member  of  the  mvcro- 
natus s.  s.  series  (0.85).  The  paraneanic  stage  of  the  most  special- 
ized S.  thedfordensis  (adult  index  0.73)  has  an  index  of  1,  while  the 
ananeanic  stage  has  an  index  of  1.43.  In  the  series  of  mutations 
occur  adult  individuab  whose  indices  correspond  exacdy  to  these 
indices  of  the  immature  individual.'  An  adult  individual  with  index  of 
1  in  turn  gave  an  index  of  1.6  for  the  neanic  stage.  Adult  individ- 
uals with  tfib  index  likewise  occur. 

Spirifer  profundtM  Grabau,  another  derivative  of  the  primitive 
S,  mucronatus  in  the  Upper  Hamilton  of  Michigan,  shows  a  range  in 
index  from  2  (mut.  lata)  to  1  in  the  extreme  form,  the  type  of  the 
sp^ies.  The  latter  has  a  neanic  index  of  .1.44,  which  corresponds  to 
tne  adult  index  of  mutation  intermedia  (1.58-1.41)  of  the  same 
series. 

Spirifer  mucronatus  var.  attenuatus  Grabau,  associated  with  the 
preening,  and  like  it  derived  from  primitive  Sp.  mucronatus,  shows 
mutations  ranging  in  index  from  3.27  to  1.76. 

Spirifer  mucronatus  var.  muUiplicatus  Grabau,  an  independent 
line  of  radiation  from  the  ancestral  S.  mucronatus  stock  and  occurring 
somewhat  later  in  the  geological  sequence  than  that  species,  shows  a 
range  in  adult  index  from  2.12  to  1.27.  The  following  shows  some 
of  the  more  striking  mutations : 


Individual 

Adult  or  Ephebio 

Youthful  or  Neanic 

a. 

2.12 

3.47 

b. 

1.92 

2.9 

c. 

1.6 

2.1 

d. 

1.5 

2.4 

e. 

1.4 

1.9 

/. 

1.27 

1.55 

It  will  be  observed  that  the  neanic  of  individual  c  corresponds  to 
the  adult  of  a;  the  neanic  of  e  corresponds  to  the  adult  of  b; 
while  the  neanic  of  /  corresponds  to  an  adult  between  c  and  d. 
Individual  d  is  somewhat  abnormal  in  that  it  shows  a  higher  neanic 
index  than  c  which  has  a  higher  adult  index.  Such  variations  are, 
of  course,  to  be  expected. 

Note.  —  Reference  to  Michigan  material  is  here  made  by  permission  of  the 
State  Geologist,  Dr.  A.  C.  Lane. 
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SUR  UN  NOUVEAU  GENRE  D'ONGULfiS  fiOCfiXES, 
LE  LOPHIASPIS,  DE  LA  FAMILLE  DES  LOPHIO- 
DONTIDfiS 

CHARLES  DEPfiRET 

La  famiUe  des  Lophiodontid^  comprend,  dans  TEocfene  d'Europe, 
deux  genres  h  Evolution  parallfele,  les  Lophiodon  Cuvier  et  les  Chas- 
mothmum  Rutimeyer.  Les  deux  genres  apparaissent  en  meme 
temps,  ii  la  fin  de  TEoefene  inf^rieur,  dans  I'^tage  Ypr^sien  sup^rieur 
d'Ay  et  de  Cuis  et  se  continuent  en  plusieurs  petits  rameaux  parallfeles 
k  travers  le  Lut^ien  jusqu'k  la  fin  de  TEocfene  moyen  (Bartonien)  oil 
ils  s'^teignent  ensemble  sans  laisser  de  descendants.  L'apparition  des 
Lophiodon  et  des  Chasmotherium  dans  TYpr^ien  sup^rieur  parais- 
sait  jusqu'ici  tout  k  fait  brusque.  Nous  ne  leur  connaissions  aucun 
ancetre,  de  sorte  que  leur  presence  en  Europe  semblait  pouvoir 
s'expliquer  par  une  .migration  brusque,  dont  Tongine  demeurait  pour 
rinstant  tout  'k  fait  inconnue. 

J'ai  eu  r^cemment  Toccasion  de  pratiquer  des  fouilles  dans  un 
gisement  Eocfene,  d^couvert  par  mon  savant  collogue  M.  le  professeur 
Vasseur,  aux  environs  d'Aix  en  Provence,  pr^  du  hameau  de  Palette. 
La  couche  marno-ligniteuse  qui  contient  les  ossements  est  intercal^ 
au  sein  d'une  ^paisse  s^rie  deealcaires  et  de  marnes  lacustres,  qui 
repr^sentent  la  s^rie  des  stages  Eocenes  depuis  le  Than^tien  jusqu'au 
Lut^ien  sup^rieur.  Le  niveau  fossiliffere  est  attribu^  par  M.  Vasseur 
au  Lut^ien  inf^rieur.  J'ai  des  raisons  de  le  consid^rer  comme  un  peu 
plus  ancien  et  de  le  rapporter  k  TYpr^sien,  probablement  k  la  moiti^ 
inf^rieure  de  eet  ^tage. 

Mon  habile  pr^parateur  M.  Maurette  a  recueilli  dans  cette  couche 
un  magnifiaue  palais  en  tr^  bon  ^tat  portant  en  place  des  deux 
c6t^  la  s^ne  des  trois  M.  et  des  trois  P.  II  a  recueilli  en  outre 
une  canine  assez  allong^  probablement  sup^rieure  et  une  pr^molaire 
inf^eure,  peut-6tre  Tavant-dernifere. 

La  dentition  sup^rieure  pr^ente  de  grandes  analogies  de  structure 
avec  celle  des  Lophiodon.  Les  pr^molaires  sont  relativement  peu 
d^velopp^es  et  beaucoup  plus  simples  que  les  arrifere-molaires  (denti- 
tion h^t^rodonte).  La  dernifere  p  4,  de  forme  triangulaire,  montre 
deux  denticules  extemes  trfes  rapproch^  et  un  gros  denticule  interne 
(protocone)  rattach^  par  deux  aretes  de  jonction  k  ehacun  des  deux 
denticules  extemes.  L'avant-dernifere  pr^molaire  p  3  a  k  peu  prfes 
la  meme  structure,  mais  Tarete  de  jonction  postJrieure  du  proto- 
cone est  trfes  basse  et  presque  disparue. 
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Les  arri^re-molaires  seraient  identiques  k'celles  d'un  Lophudon 
ou  d'un  Chasmotherium  de  tr^s  petite  taille,  si  un  caractfere  trts  sp^ 
cial  et  trfes  int^ressant  ne  permettait  de  les  en  s^parer  k  premiere 
vue:  chez  les  Lophiodon  et  les  Chasmotherium^  les  deux  cretes 
transverses  qui  se  d^tachent  de  la  muraille  exteme  pour  se  dinger 
en  dedans  sont  simples  sans  aucune  trace  sur  leur  trajet,  d'un  denti- 
cule  interm^iaire  (proioconule).  Dans  Tanimal  de  Palette,  au  con- 
traire,  Tarete  transverse  du  lobe  ant^rieur  pr^ente  sur  le  milieu  de 
son  pareours  une  pointe  ou  protoconule  parfaitement  distincte ;  cette 
pointe  interm^iaire  fait  d^faut  sur  le  lobe  post^rieur  ou  du  moins 
ce  metaconvle  y  est  k  peine  indiqu^  par  une  trace  assez  confuse. 

Nous  avons  done  affaire  k  un  animal  plus  archaique  que  les 
autres  Lophiodontid^,  et  chez  lequel  la  structure  sextitberciUaire  des 
anciens  Ongul^  est  encore  rest^  apparente,  alors  que  le  fusion  des 
denticules  intermediaires  et  internes  en  une  crete  simple  est  compfete- 
ment  r^lis^  chez  les  Lophiodon  et  les  Chasmotherium,  Nous 
avons  par  suite  le  droit  de  consid^rer  cet  animal  comme  une  forme 
ancestrale  de  la  famille  des  Lophiodontid^,  forme  plus  voisine  du 
type  h^t^rodonte  des  Lophiodon  que  du  type  plus  homoeodonte  des 
ChasTnotherium.  Peut-etre  Fanimal  de  Palette  pourrait-il  etre  re- 
gards conmie  un  type  ancestral  commun,  duquel  auraient  diverge  ces 
deux  genres. 

En  raison  de  la  structure  de  ses  arets  dentaires,  je  donnerai  k  ce 
nouveau  genre  le  nom  de  Lophiaspis  en  d^diant  I'esp^ce  k  M.  Maurette 
(Z/.  Maurettei)  qui  Ta  extraite  de  son  gisement. 

Aucun  des  genres  de  Lophiodontid^  am^ricains  que  j'ai  pu  ^tu- 
dier  au  Mus^e  de  New- York,  le  Colodon,  VHelaletes,  VHeptodon,  ne 
pr^entent  non  plus  trace  de  la  structure  sextuberculaire  primitive; 
dans  tons  ces  genres,  les  denticules  interm^aires  sont  fondus  en  une 
arete  simple.  Le  seul  animal  Eocene  am^ricain  sur  lequel  j*ai  pu,  sur 
rindication  de  mon  savant  ami  M.  le  professeur  Osborn,  observer 
une  structure  des  M.  analogue  k  celle  du  Lophiaspis,  est  le  Trtplopus 
amarorum  Cope  de  T^tage  de  Whasakie  (Bridger  sup^rieur).  Sur  la 
pi^ce  type  (Mus.  New- York)  ou  les  molaires  sont  malheureusement 
en  partie  bris^,  on  observe  Texistence  d'un  protoconule  bien  s^par^ 
et  assez  gros.  Mais  je  ne  pense  pas  que  cette  forme  puisse  Hre  rat- 
tach^  k  la  famille  des  Lophiodontid^ ;  ses  molaires  inf^rieures  k 
deux  coUines  nettement  crescento  des  rappellent  plutdt  le  groupe  des 
Rhinoc^rid^s  primitifs  et  je  serais  dispose  avec  Zittel  k  r^unir  le 
Triplopus  amarorum  k  la  famille  des  Hyracodontid^. 
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THE  EVOLUTION  OF  THE  CERATOPSIA 

RICHARD  S.  LLXL 

The  Ceratopsia  or  horned  dinosaurs  represent  a  group  of  forms 
confined  to  the  western  part  of  North  America,  the  remains  of  which 
are  now  found  ranging  from  Alberta  to  New  Mexico  in  a  narrow 
belt  along  the  eastern  uplift  of  the  Rocky  Mountains.  Geologically, 
they  are  found  only  in  the  latter  half  of  the  Upper  Cretaceous,  ap- 
pearing suddenly  in  the  fresh  water  Judith  River  beds  (the  Belly 
River  of  Canada),  and  ranging  to  the  close  of  the  so-called  Laramie. 
The  record  of  their  course  is,  however,  incomplete,  owing  to  the 
intervention  of  marine  beds  of  considerable  thickness  in  which  from 
the  nature  of  things  few  remains  of  land  animab  are  found. 

The  Cretaceous  dinosaurs  represent  two  great  groups,  of  car- 
nivorous and  herbivorous  habits;  the  second  sort,  the  Predentata, 
including  in  turn  two  distinct  races,  the  Iguanodontia,  most  of  which 
still  retained  the  ancestral,  bipedal  gait  and  were  more  or  less  conserva- 
tive in  their  evolution,  and  the  Ceratopsia,  huge,  quadrupedal  forms 
with  a  head  remarkable  not  only  for  its  armament  but  also  for  its 
great  size,  the  skull  attaining  nearly  one  third  the  total  length  of 
die  animal. 

Distinctive  features.  —  The  body  was  bulky,  borne  upon  four 
massive  Hmbs,  those  in  front  being  not  only  shorter  than  the  hinder 
pair,  but  more  strongly  flexed  at  the  shoulder  and  elbow  so  that  the 
animal  stood  much  lower  at  the  shoulder  than  at  the  hips.  We  do 
not  know  the  exact  length  of  the  tail,  a  complete  specimen  never 
having  been  found.  It  seems  to  have  been  massive,  however,  and 
to  have  been  borne  somewhat  stifily,  reminiscent  of  its  ancestral 
use  as  a  counterpoise  for  the  weight  of  the  body  when  walking  on  the 
hind  limbs. 

The  skull  and  dentition  constitute  by  far  the  most  notable  features 
of  the  organism,  and  in  the  head  in  particular  remarkable  evolution- 
ary changes  are  recorded.  The  huge  size  of  the  head  is  due  not  to 
the  large  size  of  the  cranium  proper,  but  to  the  development  of  the 
facial  region  and  especially  to  the  great  bony  frill  which  mantled 
the  neck.  This  consists  of  the  backward  extension  of  the  parietal 
and  squamosal  elements  of  the  skull  into  a  broad,  hood-like  expan- 
sion, either  complete  or  with  a  large,  lateral  opening  on  either  side 
of  the  median  line. 

This  frill  was  either  embedded  in  the  flesh  of  the  neck  or,  having 
the  margin  more  or  less  free,  was  covered  during  life  with  a  snugly 
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fitting,  homy  investiture  the  presence  of  which  is  indicated  by  the 
deep  channelings  of  blood  vessels  which  are  impressed  into  the  sur- 
face. The  margin  of  the  frill  bore  separate  ossicles,  called  by  Marsh 
epoccipitab,  which  give  a  serrated  effect  to  the  edge  and  must  have 
added  to  its  efficiency  as  an  organ  of  protection.  The  epoccipitab 
were  not  present,  however,  in  those  forms  with  the  embedded  frill. 

The  aggressive  armament  consisted  of  horns,  generally  three  in 
number,  one  borne  on  the  nasal  bones,  the  others  above  the  eyes. 
Of  these  the  latter  were  the  larger  in  the  later  types,  while  in  the 
earlier  forms,  the  nasal  was  the  dominant  horn.  The  horn  cores 
borne  by  the  skull  were  undoubtedly  sheathed  with  horn  as  in  cattle, 
but  the  covering  may  have  been  shed  periodically  as  in  modem 
reptiles.  In  one  instance,  that  of  a  young  individual  preserved  in 
the  Yale  museum,  a  layer  of  black,  powdery  substance,  a  half  inch 
in  thickness,  doubtless  the  carbonized  remains  of  the  actual  horn, 
surrounded  the  horn  core. 

The  mouth  armament  is  a  further  modification  of  that  of  the  iguan- 
odont  dinosaurs,  the  prehensile  portion  consisting  of  the  predentary 
bone  below  which  opposed  a  new  element,  the  rostral,  a  bone  pecu- 
liar to  these  forms.  These  bones,  which  closely  resemble  those  of 
a  turtle,  were  rugose  and  doubtless  supported  a  heavy  cutting  beak, 
admirable  for  cropping  the  succulent  vegetation  on  which  the  crea- 
ture fed. 

The  teeth  were  confined  to  channels  in  the  posterior  part  of  the 
jaws.  These  were  open  grooves  in  the  maxillae  and  ox  dentale,  the 
walls  of  which  bore  secondary  vertical  grooves.  The  teeth  arise  in 
alternating  series  in  successive  vertical  rows,  only  one  series  being 
in  full  use  at  one  time,  though  those  of  the  secondary  series,  arising 
between  the  primary,  show  partial  wear,  while  in  the  posterior  ex- 
tremity of  the  jaw,  teeth  of  the  primary  set  may  already  be  succeeded 
by  tertiary  teeth.  The  worn  faces  are  nearly  vertical  and  present  a 
slightly  warped  surface,  the  whole  mechanism  reminding  one  of 
a  sUghtly  twisted  saw  'with  alternating  higher  and  lower  teeth.  The 
teeth  of  the  Ceratopsia  are  double-rooted,  a  condition  otherwise 
unique  among  reptiles.  This  seems  to  have  been  brought  about  by 
the  mechanical  necessity  of  a  base  widened  transversely  to  meet 
a  lateral  strain  in  the  shearing  process  of  mastication  and  the  subse- 
quent constriction  of  this  base  into  an  outer  and  an  inner  pillar 
due  to  the  crowding  of  the  crowns  of  adjacent  teeth  set  at  a  lower 
level. 

There  could  have  been  no  lateral  movement  in  mastication  but 
a  vertical  shearing,  possibly  combined  with  a  slight  orthal  motion. 
The  strong  muscular  cheeks  served  to  retain  the  food  which  was 
chopped  into  short  pieces.  There  is  also  evidence  for  the  presence 
of  capacious  cheek  pouches.  The  total  number  of  teeth  was  about 
500,  one  fourth  of  which  were  in  use  at  one  time. 


Digitized  by 


Google 


774      VII.    INTERNATIONAL  ZOOLOGICAL  CONGRESS 

The  Evolution While  probably  derived  from  the  Iguano- 

dont  stem,  no  immediate  ancestors  of  the  Ceratopsia  are  known,  for 
when  their  remains  first  appear  in  the  rocks  of  the  Judith  River 
formation  they  are  in  every  way  typical  of  the  race.  The  imme- 
diately underiying  strata  are  marine  for  thousands  of  feet;  rocks 
which  contain  very  few  dinosaurian  remains. 

The  most  primitive  genus  is  Monoclonius  from  the  Judith  River 
beds  of  Montana  and  Alberta,  characterized  by  an  incomplete  frill 
having  large  lateral  openings  and  no  marginal  ossicles.  The  nasal 
horn  is  powerful,  either  straight  or  backwardly  curved,  while  those 
above  the  eyes  are  relatively  very  small  and  pyramidal  in  shape. 
Curiously  enough  there  are  in  front  of  the  eyes  indications  of  an- 
other pair  of  horn-like  processes  so  that  the  presumably  one-homed 
Monoclonius  in  reaUty  had  five. 

There  was  another  Judith  River  genus,  Ceratops,  rather  im- 
perfectly known  from  the  fragmentary  character  of  the  material 
which  makes  it  diflScult  to  be  sure  of  the  proper  association  of  horns 
and  frill.  The  nasal  horn  is  relatively  not  so  large  and  evidently 
pointed  forward,  while  the  supra-orbitab  were  much  larger  than  in 
Monoclonius  though  still  smaller  than  the  nasal.  The  small  horns 
before  the  eyes  (antorbitak)  have  increased  in  size,  though  they 
never  become  of  consequence  as  compared  with  the  others.  The 
frill  is  still  incomplete  and  with  an  undulating  margin,  but  with- 
out marginal  ossicles  except  in  one  species  (C.  recurvicomis)  which 
probably  represents  a  third  genus. 

In  Montana  some  two  thousand  feet  of  marine  shales  and  sand- 
stones, the  Bearpaw  and  Fox  Hills,  separate  the  Judith  River  from 
the  Laramie  beds.  These  deposits  represent  a  period  of  subsidence 
during  which  the  advancing  sea  drove  the  land  forms  to  the  West 
and  North  into  the  fastnesses  of  the  continent.  Of  these  creatures 
which  link  the  Judith  River  and  Laramie  faunas,  no  remains  have 
thus  far  been  found  so  that  we  have  no  record  of  the  evolution  which 
must  have  occurred  during  the  period  of  subsidence.  At  the  close 
of  the  Fox  HiUs  epoch  conditions  much  like  those  of  the  Judith 
River  times  again  prevailed,  and  the  homed  dinosaurs,  among  other 
forms,  sought  their  ancestral  haunts.  Four  genera  of  Laramie  Cera- 
topsia are  known  ranging  themselves  into  two  races  or  phyla  which 
underwent  a  parallel  evolution. 

Agathaumas,  the  earliest  known  Laramie  genus,  comes  from 
southwestern  Wyoming.  Unfortunately  the  skull  is  unknown, 
but  the  more  distinctive  parts  of  the  skeleton  indicate  that  it  was 
a  form  transitional  between  Monoclonius  and  Triceratops.  The 
latter  first  appears  about  1500  feet  above  the  bottom  of  the  Laramie 
series  in  Converse  County,  Wyoming,  and  ranges  to  the  top  of  the 
beds. 

Triceratops  is  characterized  by  an  entire  frill,  the  old  vacuities 
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having  been  completely  roofed  over  by  bone.  The  margin  is  more 
or  less  free  and  the  marginal  ossicles  (epoccipitab)  are  well  developed. 
Of  the  horns,  the  supra-orbitab  are  by  far  the  larger,  that  on  the  nasals 
growing  smaller  and  smaller  in  the  progress  of  evolution,  while  the 
antorbital  horns  have  entirely  disappeared.  Triceratops  b  much 
larger  than  its  ancestors  and,  while  there  b  considerable  variation 
of  size  amongst  the  individuab  of  a  species,  due  to  age  or  sex,  it  is 
generally  true  that  the  latest  examples  of  the  genus  are  the  largest. 

The  more  important  species  in  order  of  their  appearance  in  time 
and  of  sequence  of  specialization  are  Triceratops  brevicomiLs  with 
large  nasal  and  short  supra-orbital  horns,  Triceratops  prorsus  in  which 
the  latter  have  increased  in  size,  and  the  nasal  horn,  while  still  well 
developed,  points  directly  forward,  and  Triceratops  elatus  (=  cali- 
comis)  in  which  the  horns  above  the  eyes  have  reached  the  extreme 
of  development  while  that  on  the  nose  b  so  small  as  to  be  relatively 
of  little  use.  T.  elatus  is  by  far  the  largest,  a  skull  in  the  Yale. Uni- 
versity Museum  measuring  eight  feet  in  total  length. 

Associated  with  the  later  forms  of  Triceratops  is  a  curious  type 
in  which  the  nasal  horn  has  entirely  disappeared  although  the  nasal 
bones  are  still  highly  arched.  The  horns  above  the  eyes  are  well 
developed  and  nearly  erect  while  the  frill  flares  upward  at  a  high 
angle.  Thb  aberrant  genus,  Diceratops,  is  evidently  an  offshoot 
of  the  Triceratops  stem  with  an  ancestry  not  far  removed  from 
T.  hrevicornus. 

Another  race  of  Ceratopsia,  the  record  of  whose  evolution  is  in- 
complete, b  represented  by  Torosaurus,  found  associated  with  the 
later  representatives  of  Triceratops.  The  degree  of  specialization 
represented  by  the  horns  is  exactly  that  of  Triceratops  elatiLs,  though 
there  is  a  great  difference  in  the  character  of  the  frill  which  in  Toro- 
saurus retained  the  primitive  openings  and  was  evidently  embedded 
in  the  flesh,  as  it  bears  neither  blood  vessel  channelings  nor  epoc- 
cipital  bones.  In  Torosaurus  the  size  of  the  frill  is  relatively  im- 
mense which  makes  the  facial  region  seem  greatly  abbreviated. 
It  may  be  that  this  genus  represents  a  later  immigrant  from  the 
Northwest  into  the  Wyoming  region  where  its  remains  were  found 
which  would  account  for  the  lack  of  annectent  forms.  Torosaurus 
seems  to  have  been  derived  from  Ceratops  of  the  Judith  River  and 
is  totally  unrelated  to  its  contemporary  TViceratops  except  through  a 
remote  common  ancestry. 

Summary  of  Evolution.  —  The  course  of  evolution  may  be 
briefly  summarized  as  follows :  Increase  in  size,  in  the  perfection  of 
the  teeth,  the  development  of  the  supra-orbital  horns,  the  retrogres- 
sion of  that  on  the  nose,  and,  in  Triceratops,  the  completion  of  the 
frill  and  its  perfection  as  an  organ  of  defense  with  close  fitting  in- 
tegument, free  border,  and  marginal  ossicles,  while  in  Torosaurus 
the  frill,  though  increasing  enormously  in  size,  b  incomplete  in  that 
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it  still  retains  the  ancestral  vacuities.  The  bone  is  well  developed, 
however,  over  the  more  vital  parts  of  the  neck  as  the  region  of  the 
spine  and  of  the  great  arteries  and  veins. 

The  change  of  armament  implies  a  change  of  tactics.  The  up- 
ward thrust  of  the  nasal  horn  is  well  adapted  to  the  lighter,  more 
active  ancestral  forms,  while  the  great  development  of  the  supra- 
orbitals which  accompanied  the  increase  in  bulk  implies  charging 
with  lowered  head  in  which  the  momentum  of  so  great  a  weight 
would  prove  irresistible.  Evidences  of  combat  are  seen  in  broken 
and  healed  horn  cores  and,  in  several  instances,  of  perforated  frills. 

The  great  enemy  of  Triceratops  was  doubtless  the  huge  car- 
nivorous dinosaur,  Tyrannosaurus,  the  remains  of  which  occur  in 
the  same  deposits.  The  horns  and  frill  of  the  former  are  precisely 
such  as  would  meet  to  the  best  advantage  the  attacks  of  the  carnivore. 

The  extremely  low  mentality  of  Triceratops,  indicated  by  the 
remarkably  small  brain,  implies  the  use  of  defensive  tactics  of  the 
simplest  order,  wherein  skill  would  not  be  a  factor. 

Extinction.  —  The  beds  in  which  the  remains  of  Ceratopsia  are 
found  consist  of  strata  of  shales  and  sandstones,  the  latter  often 
cross  bedded,  interspersed  with  numerous  lignite  seams,  implying 
conditions  similar  to  those  of  the  Florida  Everglades  of  to-day,  "a 
great  swamp  with  numerous  small,  open  bodies  of  water  connected 
by  a  network  of  watercourses  constantly  changing  their  channels. 
The  intervening  spaces  were  but  slightly  elevated  above  the  water 
level  or  at  times  submerged.  This  entire  region,  where  the  waters 
were  not  too  deep,  was  covered  by  an  abundant  vegetation,  and  in- 
habited by  the  huge  dinosaurs  as  well  as  by  the  smaller  crocodiles 
and  turtles  and  the  diminutive  mammab"  (Hatcher). 

The  possible  causes  of  extinction  of  the  Ceratopsia  are  several: 
The  first  of  these  is  that  the  herbivorous  types  were  destroyed  by 
the  carnivorous  dinosaurs.  "There  is  always,  however,  a  balance 
in  nature,  an  offsetting  of  camivora  or  parasitic  forms  against  their 
plant-feeding  contemporaries  and,  though  the  latter  may  have  been 
held  in  check  by  the  former,  it  is  extremely  improbable  that  strictly 
contemporaneous  forms  which  have  evolved  in  the  same  environ- 
ment could  ever  exterminate  one  another.  It  seems  that  animals  of 
another  race,  or  hordes  of  creatures  which  emigrated  from  another 
region,  would  be  more  likely  to  exterminate  their  predecessors.  The 
mammab  fulfill  the  requirements  of  a  new  foe,  and  the  development 
of  the  frill  in  the  Ceratopsia  has  been  considered  as  meeting  the 
necessity  for  a  better  protection  of  the  neck  blood  vessels  from  the 
weasel-like  attack  of  small  but  bloodthirsty  quadrupeds.  Another 
notion  .  .  .  was  that  the  mammals  sought  out  the  eggs  of  the  di- 
nosaurs and  destroyed  them"  (Lull.).  It  is  quite  probable,  how- 
ever that  the  mammab  of  that  time  were  entirely  arboreal  and  did 
not  come  into  competition  with  the  great  terrestrial  dinosaurs. 
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By  far  the  most  reasonable  cause,  however,  seems  to  be  the  chang- 
ing of  climatic  conditions  and  a  contracting  and  draining  of  the 
swamps  and  river  deltas  caused  by  the  great  mountain-forming 
movements  which  occurred  at  the  close  of  the  Cretaceous.  The 
highly  specialized  dinosaurs  being  unable  to  adapt  themselves  to 
the  profoundly  changed  environment  necessarily  perished. 
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THE  SANTA  CRUZ  TYPOTHERIA 

(Abstract) 

WILLIAM   J.   SINCLAIR 

TfflS  paper  presents  briefly  the  revised  classification  of  the  sub- 
order Typotheria,  based  on  the  collections  at  Princeton  University 
and  the  American  Museum  of  Natural  History.  The  characteristics 
of  the  two  families  represented  in  the  Santa  Cruz  beds  are  pointed  out, 
and  an  effort  made  to  show  that  the  relationship  conmionly  assumed 
between  the  Typotheria  and  the  Hyracoidea  on  the  one  hand  and 
the  Typotheria  and  the  Rodentia  on  the  other  is  based  entirely  on 
superficial  resemblances. 
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ON  THE   CORRELATION  OF  NORTH  AMERICAN  AND 
EUROPEAN   GENERA  OF    FOSSIL   CETACEANS 

(Abstbact) 

FREDERICK  W.  TRUE 

Numerous  species  of  fossil  cetaceans  from  various  localities  in 
North  America  have  been  described  during  the  last  three-auarters 
of  a  century,  but  no  attempt  has  been  made  hitherto  to  correlate  the 
North  American  fauna  as  a  whole  with  the  European  fauna,  which 
is  extensive  and  better  known. 

Cetacean  remains  are  abundant  in  the  Tertiary  formations  of 
North  America,  but  have  not  been  systematically  sought  for.  No 
deposits  of  complete  or  neariy  complete  skeletons  have  been  found, - 
and  the  species  are  based  chiefly  on  isolated  vertebrae,  teeth  and 
fragments  of  skulb.  The  majority  of  the  American  species  were 
described  by  Cope  and  Leidy,  beginning  in  1851,  but  Zeuglodon  and 
some  of  its  allies  (which,  by  many  zoologists,  are  regarded  as  ceta- 
ceans) were  described  much  eariier  by  Harian,  Tuomey,  and  Gibbes. 

The  existing  cetacean  faunas  of  the  eastern  and  western  North 
Atlantic  are  homogeneous  as  regards  genera  and  practically  so  as 
regards  species.  The  Pleistocene  faunas  are  also  homogeneous 
generically,  so  far  as  known,  but  the  species  are  rather  more  divergent. 

In  the  Tertiary  faunas  we  first  meet  with  a  wide  divergence,  neariy 
all  the  American  species  and  a  large  proportion  of  the  American 
genera  being  different  from  the  European  ones.  The  lack  of  homo- 
geneity, however,  as  will  be  shown  later,  is  less  than  would  appear 
from  the  examination  of  such  lists  of  the  American  genera  and 
species  as  that  published  by  Cope  in  1890. 

The  present  conclusions  are  chiefly  the  result  of  a  preliminary 
survey  of  the  literature  relating  to  the  North  American  forms,  though 
the  writer  has  also  examined  all  the  type-specimens  that  are  accessible. 

Leaving  out  of  consideration  Zeuglodon  and  its  allies,  as  not  be- 
ing true  cetaceans,  the  North  American  forms  have  been  assigned  to 
five  families,  —  Balaenidse,  Squalodontidae,  Platanistidse,  Delphinidse, 
and  Physeteridae.  On  account  of  the  researches  of  Dr.  O.  Abel, 
however,  the  genera  will  have  to  be  redistributed  in  part,  some  of 
them  being  assigned  to  his  families  Eurhinodelphidae  and  Acrodel- 
phidse  (or,  more  properly,  Iniidae). 

The  Tertiary  genera  which  have  been  considered  by  Cope,  Leidy, 
Abel,  and  other  cetologists  as  common  to  North  America  and  Europe 
are  Squalodon,  Tursiops,  Scaldicetus,  Chonoziphius,  Balsena,  Ba- 
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Isenoptera,  Cetotherium,  Mesocetus,  and  Heterocetus.  Genera 
which  have  been  considered  peculiar  to  North  America  (or  to  North 
and  South  America  together)  are  Agorophius,  Phocageneus,  Ixacan- 
thus,  Delphinodon,  Zarhachis,  Rhabdosteus,  Agabelus,  Lophocetus, 
Paracetus,  Orycterocetus,  Graphiodon,  Belemnoziphius,  Prorozi- 
phius,  Pelycorhamphus,  Anaplonassa,  Cetophis,  Cephalotropis,  Meto- 
pocetus,  Mesoteras,  Rhegnopsis,  Siphonocetus,  Tretulias,  and  Llias. 

Of  the  toothed-whale  genera,  Agorophius  is  certainly  distinct, 
although  allied  to  the  European  Sqiudodon  ehrlichii.  Phocageneus 
somewhat  resembles  South  American  Prosqualodon,  but  is  imperfectly 
known.  Ixacanthus  (or  at  least  one  species  of  it)  has  been  referred 
by  Abel  to  the  European  genus  Eurhinodelphis,  with  a  mark  of  inter- 
rogation. Delphinodon  is  peculiar  to  North  America,  but  has  been 
transferred  by  Dr.  Abel  from  the  Squalodontidse  to  the  Acrodelphida 
(  =  Iniidfle).  Zarhachis,  Rhabdasteus,  and  Lophocetus  are  distinctively 
North  American.  Agabelus  is  imperfectly  known  and  may  be  identical 
with  Eurhinodelphis.  Lophocetus  has  been  regarded  by  some  cetdo- 
gists  as  belonging  to  the  Delphinidse,  and  by  others  as  allied  to  Inia. 
The  former  view  is  probably  correct.  Paracetus,  one  of  the  Phy- 
seteridse,  is  peculiar  to  North  and  South  Ajnerica.  Orycterocetus  is 
regarded  by  Dr.  Abel  as  having  "a  close  analogy"  with  the  European 
genus  Thalassocetus,  also  one  of  the  Physeteridee.  It  b  not  improb- 
able that  the  teeth  on  which  these  generd  are  founded  represent  the 
cores  of  larger  teeth  from  which  the  enamel  and  element  layers  have 
been  broken  away,  or  they  may  represent  genera  of  the  Ziphiidae. 
Graphiodon  is  peculiar  to  North  America.  Though  generally  con- 
sidered as  allied  to,  or  identical  with,  Squalodon,  it  is  probably  one 
of  the  Physeteridfle,  near  Scaldicetus.  Belenmoziphius,  Prorozi- 
phius,  Pelycorhamphus,  and  Anaplonassa  are  Ziphioid  genera  peculiar 
to  North  Ajnerica,  although  the  last-mentioned,  at  least,  has  Euro- 
pean aUies.  Cetophis  is  a  peculiar  North  American  genus  of  uncer- 
tain affinities. 

The  whalebone  whales  represented  by  the  genera  Cephalotropis 
and  Metopocetus  resemble  the  European  genera  Mesocetus  and 
Heterocetus,  but  cannot  at  present  be  identified  with  the  latter. 
Mesoteras  is  a  large  form  like  Balaenoptera,  but  not  clearly  identifi- 
able with  any  European  genus.  The  genera  Rhegnopsis,  Siphono- 
cetus, Tretulias,  and  Ulias,  which  are  based  on  the  form  of  the 
mandible,  must  be  provisionally  considered  as  peculiar  to  North 
America.  There  are  at  present  two  groups  of  genera  of  American 
whalebone  whales,  one  based  on  characters  of  the  cranium  and  the 
other  (as  already  mentioned)  on  characters  of  the  mandible.  It  is 
probable,  of  course,  that  some  of  these  genera  will  later  be  found 
to  be  identical. 

Returning  to  the  Odontoceti,  it  is  to  be  remarked  that  while  the 
extension  of  the  American  genus  Priscodelphinus  to  European  species 
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by  Du  Bus  a  number  of  years  ago  was  not  warranted  at  that  time, 
it  is  probable  that  some  of  the  American  species  are  referable  to  the 
European  genera  Eurhinodelphis,  Acrodelphis,  and  Schizodelphis. 
The  writer  has  himself  collected  a  skull  of  Eurhinodelphis  from  the 
Miocene  of  Maryland,  and  some  vertebrae  belonging  to  Acrodelphis, 
and  has  ascertained  that  the  Priscodelphiniis  (?)  crassangvlum  of 
Case  is  really  a  Schizodelphis.  The  families  Eurhinodelphidae  and 
Acrodelphidae  ( =  Iniidse)  are  thereby  definitely  added  to  the  North 
American  fossil  cetacean  fauna.  The  South  Aiinerican  genus  Argyro- 
cetus  is  probably  also  to  be  included. 
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A  MEANS   OF  ESTIMATING  THE  AGE   OF  THE  MAS- 
TODON  AND   OTHER   PROBOSCIDEA 

(Abstract) 

HENRY  FAIRFIELD  OSBORN 

The  skeleton  known  as  the  Warren  Mastodon,  discovered  in 
Newburgh,  N.  Y.,  in  1845,  and  monographed  by  John  Collins 
Warren,  has  been  remounted  recently  in  the  American  Museum  of 


Fig.  1. 

Natural  History.  In  repairing  the  tusks,  the  outer  sheathing  of  the 
dentine  was  found  in  large  part  absent.  The  inner  sheathing  exposed 
a  series  of  concentric  constrictions  and  expansions  which  were  obsen^ed 
to  be  approximately  symmetrical  on  the  two  sides,  as  indicated  by 
the  series  of  +  signs  in  Fig.  3,  A  and  B.  Secondly,  it  was  noted  that 
the  intervals  between  these  constrictions  are  broader  in  the  middle 
and  fore  part  of  the  tusks  (corresponding  with  the  youthful  stage  of 
growth  of  the  tusk)  and  become  narrower  toward  the  base  of  the 
tusk  (corresponding  with  the  mature  or  adult  stages  of  growth). 
Eighteen  of  these  rings  are  preserved  on  one  side  and  thirteen  on  the 
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Fig.  3. 
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other.  They  are  faintly  indicated  abo  in  the  waving  surface  of  the 
dentine  of  the  tusk  (Fig.  3). 

On  the  hypothesis  that  these  are  actual  annular  increments  of 
growth,  the  right  tusk  (Fig.  3,  A)  consisted  of  about  twenty-eight 
segments,  which  allowing  for  the  milk  dentition  and  for  the  part 
worn  off  at  the  tip  would  assign  to  the  Warren  Mastodon  an  age 
of  perhaps  thirty  years. 

Similar  annular  constrictions  are  observed  In  the  tusks  of  the  mam- 
moth from  Alaska ;  and  are  also  indicated  in  the  tusks  of  the  African 
elephant.  Since  the  age  of  the  Indian  elephant  and  the  rate  of  tusk 
growth  is  definitely  known,  the  identification  of  similar  concentric 
annular  growths  would  be  the  means  of  testing  the  value  of  this 
hypothesis. 

Fig.  1.    Skeleton  of  Warren  Mastodon  as  recently  mounted  in  the  American 
Museum  of  Natural  History. 

Fig.  2.    Anterior  view  of  skull  of  Warren  Mastodon  showing  the  true  position 
of  the  tusks  in  the  mastodon. 

Fig.  3.    Inferior  and  external  views  of  the  right  and  left  tusks,  showing  the  sup- 
posed annual  growth  segments. 

Af  right  tusk  viewed  from  the  outside  and  somewhat  from  below. 
B,  left  tusk,  direct  external  or  outside  view. 
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SYSTEMATIC  ZOOLOGY:   ITS   PROGRESS 
AND  PURPOSE 

(Addbbbb) 

THEODORE  GILL 

It  is  most  fitting  that  in  this  year,  when  the  scientific  world  b 
commemorating  the  natal  centenaries  of  two  naturalists  who  have 
been  regarded  as  the  chief  systematists  of  their  times,  consideration 
should  be  given  to  the  subject  and  object  of  their  old  pursuits.  Carl 
Linne,  whose  bicentenary  has  been  celebrated,  v^as  the  man  who 
first  provided  an  elaborate  code  of  laws  for  the  nomenclature  of  all 
the  kingdoms  of  nature  and  set  an  example  to  others  by  provision 
of  concise  and  apt  diagnoses  of  the  groups  and  species  he  recognized. 
Louis  Agassiz,  who  was  bom  during  the  centenary  year  of  Lmne, 
gave  a  grand  impulse  to  the  study  of  nature  in  his  adopted  country, 
rabed  it  in  popular  esteem,  taught  new  methods  of  work,  and  directed 
to  new  lines  of  investigation. 

Of  all  the  students  of  nature  from  the  time  of  Aristotle  to  the 
century  of  Linne,  none  requires  present  notice  as  a  systematic  zo- 
ologist except  John  Ray,  who  was  the  true  scientific  father  of  the 
Swede.  Bom  in  1627,  he  flourished  in  England  during  the  last  quarter 
of  the  seventeenth  century,  and  died  only  two  years  before  the  birth 
of  Linn6. 

John  Ray 

It  was  long  ago  tmly  aflBrmed  by  Edwin  Lankester  that  "Ray 
has  been  pronounced  by  Cuvier  to  be  the  first  tme  systematist  of  the 
animal  kingdom,  and  the  principal  guide  of  Linn^  in  the  department 
of  nature."  *  He,  indeed,  made  a  pathway  in  the  zoological  field 
which  Linn^  was  glad  to  follow,  and  to  some  extent  he  anticipated 
the  brightest  thoughts  of  the  great  Swede.  He,  for  example,  in  a 
dichotomous  systematic  table  of  the  animal  kingdom,'  first  combined 

"  Lankester,  Eklwin,  The  Corresvondence  of  John  Ray,  p.  485,  1848. 
'  Ray,  John,  Synopna  Methoaica  AnimdUum  Quadrupedttm  et  Serpentmi 
Generis,  p.  53,  1693. 
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the  lunged  fish-like  aquatic  and  hairy  quadruped  viviparous  animals 
in  a  special  category  (Vivipara)  in  contrast  with  all  the  other  verte- 
brates, leaving  to  Linne  only  liie  privilege  of  giving  a  name  to  the 
class.  He  recognized  a  group  of  lung-bearing  animals  distinguished 
by  a  heart  with  a  single  ventricle,  including  quadrupeds  and  serpents, 
and  thus  appreciated  better  than  Linne  the  class  which  the  latter 
named  Amphibia.  He  likewise  gave  the  anatomical  characters, 
based  on  the  heart,  blood  and  lungs,  which  Linne  used  for  his 
classes. 

The  Beginnings  of  Systematic  ZoOlogy 

Systematic  zoology  is  a  vast  subject,  and  any  address  devoted  to 
it  must  necessarily  be  very  partial.  It  need  only  be  partial  for  such 
an  assemblage  of  masters  in  zoology  as  I  have  the  great  honor  to 
address,  and  I  shall  confine  the  present  discourse  to  a  review  of  some 
of  the  elements  which  have  made  systematic  zoology  what  it  now 
is.  I  will  venture,  too,  to  submit  reasons  why  we  may  have  to  take 
a  somewhat  different  view  of  the  achievements  of  some  men  than  did 
our  early  predecessors.  If  in  doing  so  I  may  appear  to  be  dogmatic, 
I  entreat  you  in  advance  to  insert  all  the  "ifs"  and  "I  thinks"  and 
"perhaps"  that  you  may  deem  to  be  necessary.  For  the  present  pur- 
pose, the  work  of  two  who  exercised,  each  for  a  considerable  time, 
a  paramount  influence  on  opinion  and  procedure,  deserves  notice, 
especially  because  there  has  been  much  misapprehension  respecting 
their  benefits  to  natural  science.  The  two  were  Carl  Linne  and 
George  Cuvier;  the  one  exercised  dictatorship  from  the  middle  of 
the  eighteenth  century  till  some  time  after  its  close;  the  other  was 
almost  equally  dominant  from  the  first  quarter  of  the  last  century  to 
well  into  the  third  quarter.  No  other  men  approached  either  of  these 
two  in  influence  on  the  work  of  contemporaries  or  successors.  The 
evil  features,  as  well  as  the  good,  were  transmitted  to  and  adopted  by 
later  authors.  Therefore,  a  notice  of  those  features  may  help  us  to  a 
correct  judgment  of  the  history  of  our  subject,  and  may  help  to  show 
why  the  disciples  of  the  great  Swede,  as  well  as  the  great  Frenchman, 
complicated  many  problems  they  investigated.  Sufficient  time  has 
elapsed  to  enable  us  to  judge  knowingly  and  impartially. 


Carl  LinnIi 

Linn^  needs  no  present  eulogy,  for  this  year  his  praises  have  re- 
sounded over  the  whole  world.  Bom  just  two  centuries  ago  (1707), 
he  publbhed  the  first  edition  of  the  Sy sterna  NatwrcB  in  1735,  and  his 
last  (twelfth)  in  1766.  The  various  editions  mark  to  some  extent 
the  steps  of  man's  progress  in  the  knowledge  of  nature  during  the 
time  limited  by  the  respective  dates. 
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Linne's  industry  was  great,  his  sympathies  wide-spread,  and  his 
method  in  large  part  good.  Compare  the  Systema  Naturce  and  other 
pubUcations  of  Linne  with  works  publbhed  by  earlier  authors,  and 
the  reason  for  the  active  appreciation  and  esteem  which  greeted  his 
work  will  be  obvious.  The  typographical  dress  and  the  clearness  of 
expression  left  no  doubt  as  to  what  the  author  meant,  and  enabled  the 
student  to  readily  grasp  his  intentions.  His  boldness  in  giving  ex- 
pression to  new  ideas  insured  success  when  they  deserved  it.  Al- 
though Ray  had  already  recognized  four  of  the  great  groups  or  classes 
of  vertebrates,  he  had  not  named  two  of  them,  and  there  were  vernac- 
ular terms  only  for  the  birds  and  fishes.  Linne,  for  the  first  time, 
applied  names  to  the  other  groups,  and  admirable  ones  they  were. 
Mammalia  and  Amphibia  were  the  coinage  of  Linne  and  are  still 
retained ;  Mammalia  or  mammals  by  all ;  Amphibia  or  amphibians 
by  the  majority  for  one  of  the  classes  now  adopted. 

A  great  advance,  too  —  an  inspiration  of  genius,  indeed  —  was 
the  segregation  of  the  animals  combined  under  the  class  of  mammals. 
Popular  prejudice  was  long  universal  and  is  still  largely  against  the 
idea  involved.  Sacred  writ  and  classical  poetry  were  against  it.  It 
seemed  quite  unnatural  to  separate  aquatic  whales  from  the  fishes 
which  they  resembled  so  much  in  form  and  associate  them  with 
terrestrial  hairy  quadrupeds.  How  diflicult  it  was  to  accustom  one's 
self  to  the  idea  is  hard  for  naturalists  of  the  present  day  to  appreciate. 
Linn^  himself  was  not  reconciled  to  the  idea  till  1758,  although  Ray 
had  more  than  hinted  at  it  over  threescore  years  before.  At  last, 
however,  in  no  uncertain  terms,  he  promulgated  it.  It  was  a  triumph 
of  science  over  popular  impressions;  of  anatomical  consideration 
over  superficial  views. 

But  mingled  with  the  great  benefactions  were  many  views  which 
long  influenced  naturalists,  but  which  modem  zoology  has  over- 
thrown. 

LiNNiEAN  Classes 

After  the  tentative  arrangements  published  in  the  original  first, 
second  and  sixth  editions  of  the  Systema,  Linne  thoroughly  revised 
his  work,  and  first  consistently  appUed  the  binomial  method  of  nomen- 
clature to  all  species  in  the  tenth  edition,  published  in  1758.  Six 
classes  were  admitted  with  equal  rank,  no  category  being  recognized 
between  the  class  and  kingdom.  The  classes  were  the  Manmialia 
or  mammals,  Aves  or  birds,  Amphibia,  Pisces,  Insecta  and  Vermes. 
The  first  four  of  these  classes  mainly  correspond  with  the  Aves  and 
nameless  groups  of  Ray. 

During  the  Linnsean  period  of  activity  the  invertebrates  were  little 
understood,  and  his  treatment  of  that  enormous  host,  referred  to  his 
two  classes  Insecta  and  Vermes,  contrasts  rather  than  compares 
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with  that  at  the  present  time.  Naturally,  the  vertebrates  were  much 
better  comprehended,  and  all  such  then  known,  with  a  single  excep- 
tion, were  distributed  among  four  classes  just  named,  the  Manmialia, 
Aves,  Amphibia,  and  Pisces.  The  solitary  exception  of  exclusion  of  a 
true  vertebrate  from  its  fellows  was  the  reference  of  the  genus  Myxine 
to  the  Vermes,  next  to  Teredo,  the  ship-worm.  The  firat  two  classes 
were  adopted  with  the  same  limits  they  now  have,  but  the  Amphibia 
and  Pisces  were  constituted  in  a  truly  remarkable  manner.  The 
class  of  Amphibia  was  a  creation  of  Linne,  and  was  simply  contrasted 
with  his  Pisces  by  having  a  lung  of  some  kind  or  other  {**pidmone 
arbUrario"),  while  the  Pisces  ^ve  exposed  branchiae  {'*branchiia 
extemis").  The  Amphibia,  thus  defined,  were  made  to  include  as 
orders:  (1)  Reptiles  or  Reptilia,  having  feet;  (2)  Serpentes,  footless, 
and  (3)  Nantes,  having  fins. 

Under  the  Nantes  were  first  grouped  the  lampreys,  the  selachians, 
the  angers  (Lophius),  and  the  sturgeons  (Acipenser).  In  the  twelfth 
edition  were  added  Cyclopterus,  Balistes,  Ostracion,  Tetraodon, 
Diodon,  Centriscus,  Syngnathus  and  Pegasus.  The  Nantes  were 
added  to  the  Amphibia  partly  because  of  the  assumption  that  the 
branchial  pouches  of  the  lampreys  and  the  selachians  were  lungs  and 
partly  on  the  authority  of  Dr.  Alexander  Grarden,  of  Charleston,  S.  C, 
who  mistook  the  peculiar  transversely  expanded  and  partly  double 
air-bladder  of  Diodon  for  a  lung.  With  such  errors  of  observation  as 
a  basis,  Linne  apparently  assumed  that  all  the  associated  genera  also 
had  lungs.  Gmelin,  in  his  edition  of  the  Sy sterna  Naturce  (generally 
called  the  thirteenth),  corrected  this  error,  and  returned  all  the  Nantes 
to  the  class  of  Pisces,  thus  reverting  to  the  older  view  of  Linn^  himself. 
The  Pisces  of  Linne  included  only  the  genera  left  after  the  exclusion 
of  those  just  named  and  also  of  Myxine,  which  last  was  referred  to 
the  class  of  Vermes  between  the  leeches  (Hirudo)  and  the  ship-worms 
(Teredo). 

LiNN^LAjg  Genera 

The  genera  of  Linne  were  intended  and  thought  by  him  to  be 
natural,^  and  natural  groups  some  of  the  so-called  genera  were,  but 
present  opinion  assigns  to  most  of  them  a  very  different  valuation 
from  that  given  in  the  Systema  Naturce.  Some  of  the  genera  of  in- 
vertebrates were  extremely  comprehensive.  For  example,  Asterias 
included  all  the  members  of  the  modem  classes  of  Stelleroidea  or 
Asteroidea  and  Ophiuroidea ;  Echinus  was  coequal  with  the  Echinoi- 
dea ;  Cancer,  Scorpio,  Aranea,  Scolopendra  and  Julus  were  essentially 
coextensive  with  orders  or  even  higher  groups  of  the  zoologists  of  the 
present  time.     Others  were  so  heterogeneous  that  they  cannot  be 

>  Classis  et  ordo  est  sapientis,  genua  et  species  Nature  opus.  —  Linn.,  Syst. 
Nat,,  1,  13* 
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compared  with  modem  groups.  Thus  Holothuria,  in  the  last  edition 
of  the  Systema,  was  made  to  include  four  holothurians  in  the  modem 
sense,  —  a  worm,  a  physaliid,  and  three  tunicates ;  in  other  terms,  the 
so-called  genus  included  representatives  of  four  different  classes  and 
even  branches  of  the  animal  kingdom. 

It  has  been  stated  by  various  writers  that  the  genera  of  Linne  were 
essentially  coequal  with  the  families  of  modem  authors,  but,  as  has 
been  indicated,  such  is  by  no  means  the  case.  Other  striking  ex- 
ceptions to  the  generalization  may  be  shown. 

Not  a  few  of  the  genera  of  vertebrates,  although  not  of  the  super- 
lative rank  as  several  of  the  invertebrates,  were  equivalent  to  orders 
of  modem  zoology ;  such  were,  in  the  main,  Simia,  Testudo,  Vesper- 
tilio  and  Rana.  Simia  included  all  the  anthropoid  Primates  except 
man;  Vespertilio  was  equivalent  to  the  order  Chiroptera  less  the 
genus  Noctilio ;  Testudo  was  exactly  equal  to  the  order  Testudinata 
or  Chelonia ;  Rana  to  the  order  Salientia  or  Anura.  A  number  of 
other  genera  of  one  or  few  species  known  to  Linne  were  also  of  ordinal 
or  subordinal  value. 

In  striking  contrast  with  the  range  of  variation  of  such  genera  were 
others,  of  which  several,  well  represented  in  northem  waters,  may  be 
taken  as  examples.  Scorpaena  was  distinguished  simply  because  it 
had  skinny  tags  on  the  head ;  *  Labms  because  it  had  free  mem- 
branous extensions  behind  the  dorsal  spines;'  and  Cobitis  because 
it  had  the  caudal  peduncle  of  regular  height  *  and  scarcely  constricted 
as  usual  in  fishes.  These  characters  are  of  such  slight  systematic 
importance  that  they  have  not  been  used  in  the  diagnoses  of  the  genera 
by  modem  ichthyologists.  Further,  use  of  them  misled  even  Linni 
as  well  as  his  successors.    Some  of  the  consequences  may  be  noticed. 

The  close  aflSnity  of  the  " Norway  haddock"  or  Swedish  Kungsfisk 
or  Rodfisk  {Sebasies  marimis)  to  the  typical  Scorpsena  was  unper- 
ceived  and  that  species  referral  to  Perca  and  even  confounded  with 
a  Serranus. 

The  typical  Labri  of  the  northem  seas  do,  indeed,  have  filiform 
processes  of  the  fin  membrane  behind  the  dorsal  spines,  but  most  of 
the  species  referred  by  Linne  to  Labrus  do  not,  and  among  them  is  a 
common  sunfish  (auritus  =  lepomis  auritus)  of  America. 

The  genus  Cobitis  was  made  to  include  Cyprinodonts  of  the  genera 
Anableps  and  Fundulus,  and  thus  were  associated  fishes  differenti- 
ated from  the  Loaches  by  characters  of  immeasurably  more  impor- 
tance than  the  trivial  one  which  was  the  cause  of  their  juxtaposition. 

Another  conspicuous  instance  of  a  trivial  character  used  as  generic 
and  contrasting  with  very  important  differentials  of  species  included 
under  the  same  genus,  is  fumished  by  Esox.    The  essential  Linnsean 

"  Scorpaena.    Caput  cirris  adspereimi. 

*  Labrus.    Pinna  dorsalis  ramento  post  spinas  notata. 

'  Cobitis.    Corpus  viz  ad  caudam  angustatum. 
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diagnostic  character  is  the  protrusion  of  the  lower  jaw.^  Nine  species 
were  referred  to  the  genus  which  represent  no  less  than  eight  dis- 
tinct and,  mostly,  widely  separated  families  of  modem  systematbts.* 
Several  of  the  species  do  not  have  the  prominent  lower  jaw,  and  one 
of  them  (Lepisosteus  osseus  of  modem  ichthyology)  is  especially 
distinguished  by  Linn6  himself  on  account  of  the  shorter  lower  jaw.^ 

But  the  most  marked  cases  of  insignificance  of  characters  used  to 
differentiate  by  the  side  of  those  serving  for  combination  are  found 
in  the  class  Amphibia. 

The  genus  Lacerta  is  made  to  include  all  but  one  of  the  pedate 
lizards  and  the  crocodilians  as  well  as  the  salamanders,  but  the 
'Mragons,"  or  agamoid  lizards  with  expansible  ribs,  are  set  apart  in 
an  independent  genus/ 

The  genus  Coluber  was  intended  to  embrace  all  the  snakes  ex- 
cept those  with  a  rattle  or  undivided  abdominal  and  caudal  scutes,* 
and  hence  the  vipers  and  copperheads,  so  very  closely  related  to  the 
rattlesnakes,  were  combined  with  ordinary  snakes  instead  of  with 
their  tme  relations.' 

Many  of  the  genera  of  Linn6,  in  fact,  were  very  incongmous,  and 
the  great  Swede  not  infrequently  failed  to  interpret  and  apply  their 
characters  in  the  allocation  of  species.  A  few  cases  fumished  by 
common  European  or  American  fishes  will  illustrate  what  is  meant. 

Specimens  of  the  common  gunnel  or  butterfish  were  received  by 
Linne  at  different  times  and  once  referred  to  his  genus  Ophidion  and 
at  another  time  to  the  genus  Blennius,  and  the  same  species  stands 
tmder  both  names  in  the  last  two  editions  of  his  Systema. 

The  common  toadfish  of  the  Americans  (Opsanus  tau)  was  placed 
in  the  genus  Gadus  (iau)  and  a  nearly  related  species  of  the  Indian 
Ocean  was  referred  to  the  genus  CoUus  (grunniens). 

The  common  ten-pounder  of  the  American  coast  served  as  the 
type  and  only  species  of  the  genus  Elops,  and  also  as  a  second  species 
of  the  genus  Argentina,  although  the  characters  given  were  in  de- 
cided discord  with  those  used  for  the  latter  genus,  and  in  perfect 
harmony  with  those  employed  for  the  distinction  of  the  former  genus. 
Indeed,  it  might  be  properly  assumed  that  the  ascription  of  the 
Argentina  cardina  to  Argentina  was  simply  a  matter  of  misplace- 

*  Esox.    Mandibula  inferior  longior,  punctata.    5.  iV., '58;  '66,424. 

•  The  species  are  (1)  sphyrcma  (Sphyranidse),  (2)  oaseus  (Lepisosteid®),  (3) 
wipes  (Albulidffi),  (4)  synodua  (Synodontidae),  (5)  Jucius  (Luciid®),  (6)  belone 
(Esocid®),  (7)  hepsetus  and  (8)  brasiliensis  (ExoccBtid®),  and  (9)  gymnocephdus 
(Chirocentridse}.    S,  iV.,  '66,  613-517. 

»  Mandibula  inferior  brevior.    S.  iV.,  '66,  516. 

♦  Lacerta.  "Corpus  (Testa  Alisve)  nudum,  caudatum"  contrasting  with 
Draco.    "Corpus  Alis  volatile."    iS.  JNT., '66,  349. 

»  Coluber.  "Scuta  abdominalia;  squamae  caudales"  contrasting  with  "Cro- 
talus.  Scuta  abdominalia  caudaliaque  cum  crepitaculo"  and  "Boa.  Scuta  ab- 
dominalia caudaliaque  absque  crepitaculo."    S.  iV.,  '66,  349. 

*  As  an  example  of  Coluber  a  figiire  (tab.  3,  fig.  2}  of  a  snake  with  venom  fangs 
is  given. 
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ment  of  a  manuscript  leaf,  and  such  it  may  be  even  now  considered, 
although  the  error  is  continued  in  the  twelfth  edition,  having  escaped 
the  notice  of  Linne. 


LiNNJEAN  Nomenclature 

The  code  of  nomenclature  devised  by  Linn6  was  in  many  respects 
admirable,  but  he  did  not  provide  suflBciently  for  the  principle  of 
priority  in  nomenclature.  He  set  the  example  of  changing  a  name 
given  by  himself  or  by  others,  when  he  thought  a  better  one  could 
be  substituted ;  he  also  felt  at  liberty  to  change  the  intent  of  a  genus. 
A  few  examples  of  many  cases  may  illustrate. 

In  1756  the  name  Salacia  was  given  to  the  Portuguese  man-of- 
war;  in  1758  the  name  Holothuria  was  substituted;  in  1766  the  latter 
name  was  retained,  but  with  a  very  different  diagnosis,  and  for  the 
first  time  three  holothurians  in  the  modem  sense  of  the  word  were 
introduced. 

In  1756  the  names  Cenchris  and  Crotalophorus  were  used  for 
genera,  two  years  later  renamed  Boa  and  Crotalus.  In  1756  Artedi's 
name,  Catodon,  was  retained  for  the  sperm  whale,  and  Artedi's 
Physeter  mainly  for  the  killers  (Orca);  but  in  1758  Physeter  was 
taken  up  for  the  sperm  whale,  for  which  it  has  been  retained  ever 
since,  except  by  a  very  few  naturalists. 

In  1756  and  1758  Ophidion  was  used  for  an  acanthopterygian 
jugular  fish  —  the  common  northern  butterfish,  or  gunnel,  now 
generally  called  PhoUs  —  but  in  1766,  under  the  guise  of  Ophidium, 
it  was  transferred  to  the  Apodes  and  primarily  used  for  the  mala- 
copterygian  (supposedly)  apodal  type  which  is  still  known  as  the 
genus  Ophidium. 

In  1756  and  1758  Trichechus  was  used  for  the  manatee  alone, 
while  the  walrus  was  correctly  associated  with  the  scab,  but  in  1766 
the  very  retrograde  step  was  taken  of  associating  the  walrus  with  the 
manatee  and  retaining  for  the  two  the  name  Trichechus.  Many 
naturalists  persist  to  the  present  day  in  keeping  the  name  for  the 
walrus  alone. 

The  example  thus  set  by  the  master  was  naturally  followed  by  his 
disciples.  Many  felt  at  liberty  to  change  names  and  range  of  genera 
as  they  thought  best  and  great  confusion  resulted,  which  has  continued 
more  or  less  down  to  this  year  of  grace,  1907. 

Many  of  the  evils  which  have  been  the  consequence  could  have 
been  prevented  or  rectified  if  the  British  Association  for  the  Advance- 
ment of  Science  had  been  logical  in  the  code  (often  admirable)  which 
it  published  in  1842.  Instead,  however,  of  accepting  the  edition  of 
the  Systema  Naturce  (tenth)  in  which  Linn^  first  introduced  the 
binomial  nomenclature  as  the  starting  point,  they  preferred  homage 
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to  an  individual  rather  than  truth  to  a  principle,  and  insisted  on  the 
twelfth  edition  as  the  initial  volume  of  zoological  nomenclature.  The 
unfortunate  consequences  have  been  manifold.  Such  consequences 
are  the  natural  outcome  of  illogical  and  ill-considered  action  and 
must  always  sooner  or  later  follow.  After  these  many  years  almost 
all  naturalists  have  acceded  to  the  adoption  of  the  tenth  edition. 

If  the  vertebrates  were  so  much  misunderstood  by  Linn^,  it  may 
naturally  be  supposed  that  the  invertebrates  were  equally  or  still  less 
understood  Only  one  interesting  <*ase,  however,  can  be  referred  to. 
In  the  ninth  edition  of  the  Systema  NaturcB  Linn^  had  a  monotypic 
genus  Salacia  (p.  79)  with  a  species  named  Physalis  which  was  evi- 
dently a  Physalia  as  long  understood.  In  the  tenth  edition  the  name 
Holothuria  was  substituted  for  Salacia  and  no  holothurians  in  the 
modem  sense  were  recognized.  In  the  twelfth  edition  all  the  species 
of  the  former  edition  were  retained,  but  the  diagnosis  was  altered  and 
four  holothurians  of  recent  authors  were  added,  and  thus  animals  of 
different  subkingdoms  or  branches  were  confounded  in  the  genus. 
Now,  if  we  accept  the  tenth  edition  of  the  Systema  as  the  starting  of 
our  nomenclature,  obviously  Holothuria  cannot  be  used  as  it  has  been 
for  these  many  years,  and  it  must  be  revived  in  place  of  Physalia, 
notwithstanding  the  laments  of  those  who  are  distressed  by  such  a 
change.  The  echinoderms  now  called  holothurians  must  be  re- 
nam^.  We  can  imagine  the  clamor  that  will  arise  when  some  one 
attempts  the  change. 

Another  fault  of  less  moment  —  indeed  a  matter  of  taste  chiefly  — 
was  conunitted  by  Linn^.  Very  numerous  names  of  plants  and 
animals  occur  in  the  writings  of  various  ancient  authors  and  were 
mostly  unidentifiable  in  the  time  of  Linn^.  He  drew  upon  this  store 
with  utter  disregard  of  the  consequences  for  names  of  new  genera. 
Most  of  the  ancient  names  can  now  be  identified  and  associate  with 
the  species  to  which  they  were  of  old  applied,  and  the  incongruity  of 
the  old  and  new  usage  is  striking.  For  example,  Dasypus,  a  Greek 
name  of  the  hare,  was  perverted  to  the  armadillos;  Trochilus,  a  name 
of  an  Egyptian  plover,  was  misused  for  the  humming  birds;  Amia,  a 
name  for  a  tunny,  was  transferred  to  the  bowfin  of  North  America. 
There  was  not  the  slightest  justification  for  such  perversion  of  the 
names  in  analogy  or  fitness  of  any  kind ;  there  was  no  real  excuse 
for  it.  At  the  commencement  of  Linn^'s  career  (1737),  the  learned 
Professor  Dillenius,  of  Oxford,  strongly  protested  agamst  such  mis- 
usage  for  plant  genera,  but  the  sinner  persisted  in  the  practice  till  the 
end.  Naturally  his  scholars  and  later  nomenclators  followed  the  bad 
example,  and  systematic  zoology  is  consequently  burdened  with  an 
immense  number  of  the  grossest  and  most  misleading  misapplications 
of  ancient  names  revolting  to  the  classicist  and  historian  alike. 

The  influence  of  Linn^  continued  to  be  felt  and  his  system  to  be 
adopted  until  a  new  century  had  for  some  time  run  its  course.    Mean- 
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while,  in  Prance,  a  great  zoologist  was  developing  a  new  system  which 
was  published  at  length  in  1817,  and  anew  with  many  modificatioiis  a 
dozen  years  later  (1829). 


George  Leopold  Chretien  FniiDfeRic  Dagobert  Cuvier^ 

George  Cuvier  (bom  1769)  claimed '  that  before  him  naturalists 
distributed  all  the  invertebrates  among  two  classes  as  by  Linn^.  In 
1795  he  published  an  account  of  memorable  anatomical  investigations 
of  the  invertebrates  and  ranged  them  all  under  six  classes :  moUusks, 
crustaceans,  insects,  worms,  echinoderms,  and  zoophytes.  This  was 
certainly  a  great  improvement  over  previous  systematic  efforts,  but 
from  our  standpoint  crude  in  many  respects.  It  was,  however, 
necessarily  crude,  for  naturalists  had  to  learn  how  to  look  as  well  as 
to  think. 

Cuvier  later  essayed  to  do  for  the  animal  kingdom  alone  what 
Linn^  did  for  all  the  kingdoms  of  nature.  So  greatly  had  the  number 
of  known  animals  increased,  however,  that  he  did  not  attempt  to  give 
diagnoses  of  the  species,  but  merely  named  them,  mostly  in  footnotes. 
His  superior  knowledge  of  anatomy  enabled  him  to  institute  great  im- 
provements in  the  system.  He  also  first  recognized  the  desirability  of 
combining  in  major  groups  classes  concerning  which  a  number  <rf 
general  propositions  could  be  postulated. 

It  was  in  1812  that  Cuvier  presented  to  the  Academy  of  Sciences' 
his  celebrated  memoir  on  a  new  association  of  the  classes  of  the  animal 
kingdom,  proposing  a  special  category  which  he  called  branch  (em- 
branchment), and  marshaling  the  classes  recognized  by  him  under 
four  primary  groups:  (1)  the  vertebrates  or  Animaux  vert^br^s; 
(2)  the  molluscs  or  Animaux  mollusques;  (3)  the  articulates  or 
Animaux  articul^,  and  (4)  the  radiates  or  Animaux  rayonn^s.  These 
were  adopted  in  the  Eigne  Animal.  In  the  first  (1817)  edition,  as  in 
the  second  (1829-1830),  nineteen  classes  were  recognized,  and  in  the 

^  Cuvier's  name  has  been  accepted  as  he  himself  used  it  in  both  editions 
(1817  and  1830)  of  the  R^ane  Animal.  It  seems,  however,  that  this  may  have 
been  an  assumed  and  not  baptismal  name.  Vaillant,  in  his  translation  of  Von 
Baer's  Biography  of  Cuvier,  Annales  dea  Sciences  natureUeSj  6,  1907,  gives  a  long 
and  curious  note  of  which  a  part  follows :  "  Or  I'acte  de  naissance  porte  unique- 
ment:  Jean-L^opold-Nicolas-Fr6d6ric ;  ce  sont  done  li,  peut-on  dire,  les  prd- 
noms  authenticjues.  Ce  sont  ceux  (ju'on  trouve,  semble-t-il  de  sa  main,  6crit  en 
tdte  de  sa  nomination  comme  Chevalier  de  Tordre  de  la  Reunion.  Mais  les  auteurs 
les  ont  tr^s  diversement  et  tr^  singuli^rement  changes;  pour  en  donner  un 
exemple,  Cap  (^6  Musfeimi  d'Histoire  naturelle,  p.  115,  1854)  dome;  Georges- 
Leopold-Fr^^ric-Chretien-Dagobert.  Ce  dernier  pr6nom  est  Tun  de  ceux  du 
pdre  de  Cuvier,  d'apr^s  I'acte  de  naissance  ciiA  plus  naut.  Dans  les  Bibliographies 
bien  connues  d'Engelmann  (1841),  de  Cams  et  Engelmann  (1861)  se  trouve  la 
mSme  Enumeration,  sans  qu'on  comprenne  quelle  pent  bien  6tre  I'origine  de  cette 
erreur."  As  already  remarked,  Cuvier  himself  is  responsible  for  the  name,  but 
he  gave  George  and  not  Georges,  which  almost  all  bibliographies  do. 

3  R^gne  Animal,  1,  61,  1817. 

»  Ann.  Museum  Hist.  Nat.,  Paris,  19,  73-84,  1812. 
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latter  too  little  consideration  was  given  to  the  numerous  propositions 
for  the  improvement  of  the  system  that  had  been  suggested  and  urged 
meanwhile. 

It  has  been  generally  assumed  that  Cuvier*s  work  was  fully  up  to 
the  high  mark  of  the  times  of  publication,  and  for  many  years  the 
classification  which  he  gave  was  accepted  by  the  majority  of  natural- 
ists as  the  standard  of  right.  To  such  extent  was  this  the  case  that  his 
classification  of  fishes  and  the  families  then  defined  was  retained  to  at 
least  the  penultimate  decade  of  the  last  century  by  the  first  ichthyolo- 
gists of  PVance.  Nevertheless  the  work  was  quite  backward  in  some 
respects  and  exercised  a  retardative  influence  in  that  the  preeminent 
regard  in  which  the  great  Frenchman  was  held  and  the  proclivity  to 
follow  a  leader  kept  many  from  paying  any  attention  to  superior 
work  emanating  from  Cuvier's  contemporaries. 

It  is  by  no  means  always  the  naturalist  who  enjoys  the  greatest 
reputation  for  the  time  being  that  anticipates  future  conclusions. 
A  Frenchman  who  held  a  small  place  in  the  world's  regard  in  com- 
parison with  Cuvier  advanced  far  ahead  of  him  in  certain  ideas. 
Henri  Marie  Ducrotay  de  Blainville  (bom  1777)  was  the  man.  When 
Cuvier  (1817)  associated  the  marsupials  in  the  same  order  as  the  true 
carnivores  and  the  monotremes  with  the  edentates,  Blainville  (1816) 
contrasted  the  marsupials  and  monotremes  as  implacentals  ("Di- 
delphes")  against  the  ordinary  placentals  ("Monodelphes").  While 
later  (1829)  Cuvier  still  approximated  the  marsupials  to  the  carnivores, 
but  in  a  distinct  order  between  the  carnivores  and  the  rodents,  and 
still  retained  the  monotremes  as  a  tribe  of  the  edentates,  Blainville 
(1834)  recognized  the  marsupials  and  monotremes  as  distinct  sub- 
classes of  mammals  and  had  proposed  the  names  Monodelphes, 
Didelphes  and  Omithodelphes,  still  largely  used  by  the  most  advanced 
of  modem  therologists. 

Against  the  action  of  Cuvier  in  ranging  all  the  hoofed  mammals  in 
two  orders,  the  pachyderms  (including  the  elephants)  and  the  rumi- 
nants, may  be  cited  the  philosophical  ideas  of  Blainville  (1816),  who 
combined  the  same  in  two  very  different  orders,  the  Ongulogrades  and 
the  Gravigrades  (elephants),  and  distributed  the  normal  Ongulogrades 
under  two  groups,  those  with  unpaired  hoofs  (Imparidigitates)  and 
those  with  paired  hoofs  (Paridigitates),  thus  anticipating  the  classifica- 
tion of  Owen  and  recent  naturalists  by  very  many  years. 

Cuvier's  treatment  of  the  Amphibia  of  Linn^  equally  contrasted 
with  Blainville's.  As  late  as  1829  the  great  French  naturalist  still 
treated  the  batrachians  as  a  mere  order  of  reptiles  of  a  single  family, 
and  the  crocodilians  as  a  simple  family  of  saurians.  On  the  other 
hand,  as  early  as  1816  Blainville  had  given  subclass  rank  to  the  naked 
amphibians  with  four  orders,  and  also  ordinal  rank  to  the  crocodilians, 
and  a  little  later  (1822)  he  raised  the  subclasses  to  class  rank.  Still 
more,  Blainville  early  (1816)  recognized  that  the  so-called  naked 
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serpents  were  true  amphibians  and  gave  satisfactory  reasons  for  his 
assumption,  though  to  the  last  Cuvier  (1829)  considered  them  to  be 
merely  a  family  of  the  ophidians.  As  Blainville  claimed,  he  based  his 
classification  on  anatomical  facts.^ 

A  pupil  of  Blainville,  Ferdinand  L'Herminier  of  the  island  of 
Gaudeloupe,  at  the  instance  and  following  the  lead  of  his  master 
(1827),  undertook  the  comparative  study  of  the  sternal  apparatus  of 
birds  and  thereby  discovered  a  key  to  the  natural  relationship  of  many 
types  which  anticipated  by  many  years  the  views  now  current.  For 
instance,  L'Herminier  first  correctly  appreciated  the  differences  of 
the  ostriches  and  penguins  from  other  birds,  the  difference  between 
the  passerines  and  s^ts,  the  homogeneity  of  the  former,  and  the 
affinity  of  the  humming  birds  and  the  swifts.  Meanwhile  Cuvier,  like 
Linn^,  was  content  to  accept  as  the  basis  for  his  primary  classification 
of  birds,  superficial  modifications  of  the  bill  and  feet  (toes  and  nails) 
which  led  to  many  unnatural  associations  as  well  as  separations,  but 
which  nevertheless  have  been  persisted  in  even  to  our  own  day  by 
many  ornithologists. 

Now  what  could  have  been  the  underlying  idea  which  hindered 
the  foremost  comparative  anatombt  of  his  age  from  the  recognition  of 
what  are  now  considered  to  be  elementary  truths  and  what  enabled 
Blainville  to  forge  so  far  ahead  ?  Cuvier  manifestly  allowed  himself  to 
be  influenced  by  the  sentiment  prevalent  in  his  time,  that  systematic 
zoology  and  comparative  anatomy  were  different  provinces.  It  may, 
indeed,  seem  strange  to  make  the  charge  against  the  preeminent 
anatomist,  that  he  failed  because  he  neglected  anatomy,  but  it  must 
become  evident  to  all  who  carefully  analyze  his  zoological  works  that 
such  neglect  was  his  prime  fault.  He,  in  fact,  treated  zoology  and  anat- 
omy as-distinct  disciplines,  or,  in  other  words,  he  acted  on  the  principle 
that  animals  should  be  considered  independently  from  two  points  of 
view,  the  superficial,  for  those  facts  easily  observed,  and  the  profound, 
or  anatomical  characters.  Blainville,  on  the  contrary,  almost  from 
the  first,  considered  animals  in  their  entirety  and  would  estimate  thdr 
relations  by  a  view  of  the  entire  organization.  Yet  the  sentiment  then 
prevalent  was  reflected  by  one  who  enjoyed  a  high  reputation  for  a 
time  as  a  "philosophical  zoologist"  —  William  Swainson.  In  A 
Treatise  on  the  Geography  and  Classification  of  Animals  (p.  173, 1836), 
the  author  complained  that  "  Cuvier  rested  his  distinctions  .  .  .  upon 
characters  which,  however  good,  are  not  always  comprehensible, 
except  to  the  anatomist.  The  utility  of  his  system,  for  general  use,  is 
consequently  much  diminished,  and  it  gives  the  student  an  impression 
(certamly  an  erroneous  one)  that  the  internal,  and  not  the  external, 
structure  of  an  animal  alone  decides  its  place  in  nature."  It  was  long 
before  such  a  mischievous  opinion  was  discarded. 

^  "  Ses  bases  sent  anatomiques  et  surtout  tir6e8  de  la  condderation  du  crftne," 
BvU.  8c.  Soc,  PhUom.,  Ill,  1816. 
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Cuvier  was  regarded  almost  universally  by  his  contemporaries,  and 
long  afterwards,  in  the  words  of  hb  intellectual  successor,  Loub 
Agassiz,  as  "  the  greatest  zoologist  of  all  time."  *  In  view  of  the  facts 
already  cited  and  innumerable  others  that  could  be  added,  however, 
the  contemporary  verdict  must  be  somewhat  modified.  Cuvier  was 
a  very  great  man  of  most  impressive  personality,  wide  versatility, 
extraordinary  industry,  vast  knowledge  of  zoological  and  anatomical 
details,  an  excellent  historian,  a  useful  critic,  and  of  good  judgment  in 
affairs  generally,  but  although  a  greater  all-round  man,  as  a  systematic 
zoologbt  he  was  not  the  equal  of  a  couple  of  his  French  contempo- 
raries, Blainville  and  Latreille.  We  have  either  to  admit  this  conclu- 
sion or  confess  that  our  now  universally  admitted  views  are  wrong. 
Nevertheless,  Cuvier 's  work  was  of  great  importance,  and  he  first 
brought  to  the  aid  of  systematic  zoology  the  new  science  of  vertebrate 
paleontology. 

Cuvier  and  Paleontology 

The  animals,  and  especially  the  vertebrates,  of  past  ages  were 
practically  unknown  to  the  early  zoologists,  and  when  they  had  large 
collections,  as  did  Volta  of  the  fishes  of  Mount  Bolca,  they  identified 
them  with  modem  species,  or,  with  Scheuchzer,  might  consider  a  giant 
salamander  as  a  man  witness  of  the  deluge  —  ''Homo  diluvii  testis"  I 
It  was  not  until  Cuvier,  with  superior  knowledge  of  skeletal  details, 
examined  numerous  bones  unearthed  from  the  Tertiary  beds  about 
Paris,  that  the  complete  distinction  of  animab  of  ancient  formations 
from  living  species  was  recognized.  Then  was  afforded  the  first 
glimpse  of  extmct  faunas  destined  to  far  outnumber  the  existing  one, 
but  so  imperfect  was  the  great  paleontologist's  foresight  of  what  lay 
in  store  for  the  future  that  he  enunciated  a  dogma  which  was  long 
accepted  as  sacrosanct ;  he  called  it  the  law  of  correlation  of  structure. 
A  striking  and  even  amusing  example  of  its  exposition  and  its  failure 
I  have  previously  drawn  attention  to. 

Huxley,  in  his  excellent  Introduction  to  the  Classification  of  Anir 
mats  (published  in  1869),  in  his  first  chapter,  **  On  Classification  in 
General,"  concluded  a  consideration  of  Cuvier's  law  of  the  corre- 
lation of  structure  with  the  following  paragraphs : 

"  Cuvier,  the  more  servile  of  whose  imitators  are  fond  of  citing  his  mis- 
taken doctrines  as  to  the  nature  of  the  methods  of  paleontology  against 
the  conclusions  of  logic  and  of  common  sense,  has  put  this  so  strongly  that 
I  can  not  refrain  from  quoting  his  words.^ 

"  But  I  doubt  if  any  one  would  have  divined,  if  untaught  by  observation, 
that  all  ruminants  have  the  foot  cleft,  and  that  they  alone  have  it.  I  doubt 
if  any  one  would  have  divined  that  there  are  frontal  horns  only  in  this 

*  Agassiz,  Essay  on  Classification^  286. 
'  Ossemens  fossueSf  ed.  4.  4,  184« 


Digitized  by 


Google 


798       Vn.    INTEBNATIONAL  ZOOLOGICAL  CONGRESS 

class ;   that  those  among  them  which  have  sharp  canines  for  the  most 
part  lack  horns. 

"  However,  since  these  relations  are  constant,  they  must  have  some 
sufficient  cause ;  but  since  we  are  imorant  of  it,  we  must  make  good  the 
defect  of  the  theory  by  means  of  observation ;  it  enables  us  to  establish 
empirical  laws,  wmch  become  almost  as  certain  as  rational  laws,  when 
they  rest  on  sufficiently  repeated  observations ;  so  that  now,  whoso  sees 
merely  the  print  of  a  cleft  foot  may  conclude  that  the  animal  which  left 
this  impression  ruminated,  and  this  conclusion  is  as  certain  as  any  other 
in  physics  or  morals.  This  footprint  alone,  then,  yields  to  him  who  ob- 
serves it,  the  form  of  the  teeth,  the  form  of  the  jaws,  the  form  of  the  ver- 
tebrae, the  form  of  all  the  bones  of  the  legs,  of  the  th^hs,  of  the  shoulders, 
and  of  the  pelvis  of  the  animal  which  has  passed  by ;  it  is  a  surer  mark 
than  all  those  of  Zadig." 

The  first  perusal  of  these  remarks  would  occasion  surprise  to  some 
and  immediately  induce  a  second,  more  careful  reading  to  ascertain 
whether  they  had  not  been  misunderstood.  Men  much  inferior  in 
capacity  to  Cuvier  or  Huxley  may  at  once  recall  living  exceptions  to 
the  positive  statements  as  to  the  coordination  of  the  "foot  cleft" 
with  the  other  characteristics  specified.  One  of  the  most  common  of 
domesticated  animals  —  the  hog  —  may  come  up  before  the  "mind's 
eye,"  if  not  the  actual  eye  at  the  moment,  to  refute  any  such  correla- 
tion as  was  claimed.  Nevertheless,  notwithstanding  the  fierce  con- 
troversial literature  centered  on  Huxley,  I  have  never  seen  an  allusion 
to  the  lapse.  And  yet  every  one  will  admit  that  the  hog  has  the  "foot 
cleft"  just  as  any  ruminant,  but  the  "form  of  the  teeth"  and  the  form 
of  some  vertebrse  are  quite  different  from  those  of  the  ruminants  and 
of  course  the  multiple  stomach  and  adaptation  for  rumination  do  not 
exist  in  the  hog.  lliat  any  one  mammalogist  should  make  such  a  slip 
is  not  very  surprising,  but  that  a  second  equally  learned  should  follow 
in  his  steps  is  a  singular  psychological  curiosity.  To  make  the  case 
clearer  to  those  not  well  acquainted  with  mammals,  I  may  add  that 
because  the  feet  are  cleft  in  the  same  manner  in  the  hogs  as  in  the 
ruminants,^  both  groups  have  long  been  associated  in  the  same  order 
under  the  name  paridigitates  or  artiodactyles,  contrasting  with  an- 
other (comprising  the  tapirs,  rhinocerotids  and  horses)  called  Im- 
paridigitates  or  perissodactyles. 

I  need  scarcely  add  that  the  law  of  correlation  applied  by  Cuvier 
to  the  structures  of  ruminants  entirely  fails  in  the  case  of  many  extinct 
inamraab  discovered  since  Cuvier's  days.  Zadig  would  have  been 
completely  nonplussed  if  he  could  have  seen  the  imprint  of  an  agrio- 
choerid,  a  uintatheriid,  a  menodontid  or  a  chalicotheriid. 

^  The  only  essential  difference  between  the  feet  of  hogs  and  ordinaiy  rumi- 
nants is  one  of  degree  in  the  development  of  the  lateral  hooflets.  There  is  every 
gradation  among  the  Artiodocyles,  recent  and  extinct,  between  forms  having 
the  lateral  hoofs  aborted  and  those  with  all  developed  and  accumbent  on  the 
ground. 
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The  value  of  this  law  was  long  insisted  upon  by  many.  Some  of 
the  best  anatomists,  as  Blainville,  protested  against  its  universality, 
but  one  who  ranked  with  Cuvier  in  skill  and  knowledge  of  anatomy, 
Richard  Owen,  long  upheld  Cuvier's  view.  "You  may  be  aware," 
he  wrote  in  1843,  "  that  M.  DeBlainville  contends  that  the  ground  — 
viz.,  a  single  bone  or  articular  facet  of  a  bone  —  on  which  Cuvier 
deemed  it  possible  to  reconstruct  the  entire  animal,  b  inadequate  to 
that  end.  In  this  opinion  I  do  not  coincide."  ^  The  many  mistakes 
Owen  made  in  attempting  to  apply  the  principle  proves  how  well 
Blainville's  contrary  opinion  was  justified. 

The  numberless  remains  of  past  animals,  rescued  from  the  many 
formations  which  the  animab  themselves  distingubhed,  have  entailed 
constant  revisions  of  systems  resulting  from  clearer  comprehension  of 
the  development  of  the  animal  kingdom.  Such  revision,  too,  must 
continue  for  many  generations  yet  to  come. 

Cuvier  and  Anatomy 

The  failure  to  sufficiently  apply  anatomy  to  systematic  zoology  was 
especially  exemplified  in  the  treatment  of  the  fishes  which  absorbed  so 
much  of  Cuvier's  attention  in  later  years.  He,  as  well  as  his  associate, 
gave  accounts  of  the  visceral  anatomy  and  was  led  —  often  misled  — 
to  conclusions  respecting  relations  by  his  dissections,  but  he  failed  to 
receive  enlightenment  by  examination  of  the  numerous  skeletons  he 
had  made.  Those  skeletons,  pregnant  with  significance  for  the  future, 
had  no  meaning  for  Cuvier;  he  never  learned  how  to  utilize  them  for 
the  fishes  as  he  did  those  of  the  mammab.  His  colleague  and  successor, 
Valenciennes,  in  the  great  Histoire  Naturelle  des  Poissons,  was  equally 
unappreciative  of  the  importance  of  comparative  osteology  for  com- 
prehension of  the  mutual  relations  of  the  groups  of  fishes. 

Cuvier's  Successors 

The  same  defect  in  method  or  logic  that  characterized  Cuvier's 
work  was  manifested  by  hb  great  English  successor  in  range  of  knowl- 
edge of  comparative  anatomy,  Richard  Owen.  His  families,  for  the 
most  part,  were  the  artificial  assemblages  brought  together  by  zoolo- 
gists on  account  of  superficial  characters  and  too  often  without  rigorous 
attention  to  the  applicability  of  the  characters  assigned.  Much  better 
was  the  work  of  the  greatest  naturalist  of  all,  Johannes  Mtiller,  who 
advanced  our  knowledge  of  the  systematic  relations  of  all  classes  of 
vertebrates  as  well  as  invertebrates.  But  all  were  unable  to  free  them- 
selves from  the  incubus  of  the  popular  idea  that  all  branchiferous 
vertebrates  formed  a  unit  to  be  compared  with  birds  and  mammals. 
Several  propositions  to  segregate,  as  classes,  Amphioxus  and  the 
»  Owen,  Am.  Joum,  Sc,  and  Arts,  45,  185,  1843. 
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chondropteiygians  had  been  made,  and  Louis  Agassiz  deserves  the 
credit  of  claiming  class  value  for  the  mysonts  or  marsipobranchs  as 
well  as  the  selachians.  But  it  was  left  to  Emst  Haeckel,  a  pupil  of 
Miiller,  still  happily  living,  to  divest  himself  entirely  of  ancient  preju- 
dices and  appreciate  the  interrelationship  of  the  primary  sections 
of  the  vertebrate  branch.  He  for  the  first  time  (1866)  set  apart  the 
amphioxids  in  a  group  opposed  to  all  other  vertebrates,  then  docked 
off  the  marsipobranchs  from  all  the  rest,  and  collected  the  classes 
generally  recognized  in  essentially  the  same  manner  as  b  now  preva- 
lent. We  may  differ  from  Haeckel  as  to  his  classes  of  fishes  and 
dipnoans,  but  his  correctness  in  the  action  just  noticed  will  be  con- 
ceded by  most,  if  not  all,  systematic  zoologists  to-day. 


Embryology 

While  Cuvier  was  still  flourishing,  a  school  of  investigators  into 
the  developmental  changes  of  the  individual  in  different  classes,  and 
among  them  the  vertebrates,  was  accumulating  new  material  which 
should  be  of  use  to  the  systematic  zoologist.  Chief  of  these  was  Karl 
Emst  von  Baer.  In  various  memoirs  (1826  et  seq.)  he  subjected  the 
major  classification  of  animals  to  a  critical  review  from  an  embryo- 
logical  point  of  view,  recognized,  with  Cuvier,  the  existence  of  four 
distinct  plans  which  he  called  types,  and  characterized  them  in  embry- 
ological  terms  —  EvoliUio  radiata,  Evolviio  contorta  (molluscs),  Evo- 
Iviio  gemina  (articulates)  and  Evolviio  bigemina  (vertebrates).  TTie 
last  were  successively  differentiated  on  account  of  the  embryonic 
changes  from  the  fishes  to  the  mammals.  "These  Beitrage,"  Louis 
Agassiz  justly  aflBrmed,  "and  the  papers  in  which  Cuvier  characterized 
for  the  first  time  the  four  great  types  of  the  animal  kingdom,  are  among 
the  most  important  contributions  to  general  zoology  ever  published." 

One  of  the  most  notable  results,  so  far  as  systematic  zoology  was 
involved,  was  the  deduction  forced  on  Kowalevsky  by  his  investigation 
of  the  embryology  of  tunicates,  that  those  animals,  long  associated 
with  acephalous  molluscs,  were  really  degenerate  and  specialized 
protovertebrates.    This  view  early  won  general  acceptance. 

While  embryology  was  very  successfully  used  for  the  elucidation 
of  systematic  zoology  its  facts  were  often  misunderstood  and  perverted. 
For  instance,  the  cetaceans  were  regarded  as  low  because  they  had  a 
primitive  fish-like  form,  although  it  must  be  obvious  to  all  logical 
zoologists  of  the  present  time  that  they  are  derived  from  a  quadruped 
stock ;  snakes  have  been  also  regarded  as  inferior  in  the  scale  because 
no  legs  were  developed,  although  it  would  be  now  conceded  by  every 
instructed  herpetologist  that  they  are  descendants  of  footed  or  lizard- 
like reptiles.  Ammocoetes  was  considered  as  higher  than  Petromyzon 
"inasmuch  as  the  division  of  the  lips  indicates  a  tendency  towards  a 
formation  of  a  distinct  upper  and  lower  jaw,"  but  we  now  know  that 
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Ammocoetes  is  the  larval  form  of  Petromyzon.  Innumerable  still 
more  pertinent  examples  might  be  adduced  for  the  inferior  systematic 
grades,  orders,  families,  genera,  species,  etc.  The  words  "high"  and 
"  low"  were  used  when  generalized  and  specialized  were  really  meant, 
and  those  words,  pregnant  with  mischief,  often  led  their  users  astray 
as  well  as  the  students  to  which  they  were  addressed. 


Philosophical  Zoology 

As  knowledge  of  the  various  animal  groups  increased  and  count- 
less new  species  were  piling  up,  yearning  arose  to  discover  principles 
underlying  the  enormous  mass  of  accumulating  details,  and  the  ex- 
cogitations of  various  naturalists  resulted  in  some  curious  speculation 
and  expression  in  classificatory  form.  They  called  their  outpourings 
philosophy  or  philosophical  zoology,  and  philosophers  they  were  called 
by  others. 

Some  of  the  philosophers  grouped  animals  according  to  supposed 
degrees  of  nervous  sensibility ;  *  some  according  to  the  relations  or  parts 
to  a  center  or  an  axis;  ^  some  under  groups  supposed  to  correspond 
with  different  systems  of  the  body,  as  the  alimentary,  the  vascular,  the 
respiratory,  the  skeletal  and  the  muscular,'  and  some  would  accord  to 
each  of  the  senses  definite  groups.* 

Equally,  if  not  more  extravagant,  views  were  entertained  by  many 
naturalists  that  creative  power  delighted  in  the  symmetry  of  numbers 
and  in  circular  arrangements.  It  was  contended  that  all  groups  of 
animab  represented  analogous  groups  in  successively  diminishing 

^  *  Lamarck  (1812)  contended  for  three  catc^ries  of  animals:  (1)  apathetic 
animals  and  (2)  sensitive  animals  among  the  invertebrates,  and  (3)  intelligent 
animals,  equivalent  to  the  vertebrates. 

'  Blainville  (1816)  proposed  to  divide  the  animal  kingdom  into  three  sub- 
kingdoms:  (1)  the  Artiomorphes,  ha\dng  a  bilateral  form,  (2)  the  Actinomorphes, 
having  a  radiate  form,  and  (3)  the  Heteromorphes  (mainly  sponges  and  proto- 
soans),  having  an  irregular  form. 

»  Oken  (1802-47)  gave  expression  to  his  vaiying  views  in  several  differing 
classifications.  In  one  scheme  {El.  Phystophilosophvy  611  etseo.,  1847)  he  claimed 
that  there  were  five  "circles"  corresponding  with  the  "animal  systems" :  (1)  In- 
testinal animals  (Protozoa  and  Radiates) ;  (2)  Vascular,  sexual  animals  (Mol- 
luscs) ;  (3)  Respiratory,  cutaneous  animals  (Articulates) ;  (4)  Sarcose  animals 
(Vertebrates  except  mammals),  and  (5)  Aistheseozoa,  or  animals  "with  all  .  .  . 
oi^ns  of  sense  perfectly  developed"  (mammals). 

*  Oken  maintained  (1802-47):  "that  the  animal  classes  are  virtually  noth- 
ing else  than  a  representation  of  the  sense-organs,  and  that  they  must  be  arranged 
in  accordance  with  them.  Thus,  strictly  speaking,  there  are  only  five  animal 
classes:  Dermatozoa  (skin  or  touch  animals),  or  the  Invertebrata;  Glossozoa 
(tongue  animals),  or  the  fishes  .  .  . ;  Rhinozoa  (nose  animals),  or  the  reptiles  .  .  . ; 
Otozoa  (ear  animals),  or  the  birds ;  Ophthalmozoa  (eye  animals),  or  the  Thricozoa 
(mammals).  .  .  .  But  since  all  vegetative  systems  are  subordinate  to  the  tegu- 
ment or  general  sense  of  feeling,  tne  Dermatozoa  di\dde  into  just  as  many  or 
corresponding  divisions,  which,  on  account  of  the  quantity  oi  their  contents, 
may  be  for  the  sake  of  convenience  also  termed  classes."  —  Oken,  El.  Physio- 
phuosophy,  p.  xi. ,  1847.  For  the  many  other  assumptions  on  similar  and  divergent 
lines  the  reader  must  refer  to  the  Elements  of  Physiophilagophy  (1847). 
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circles;  that  in  a  perfect  system  there  were  a  definite  number  of  sub- 
kingdoms,  an  equal  number  of  classes  in  each  subkingdom,  of  orders 
in  each  class,  of  suborders,  of  families,  of  genera,  of  subgenera,  etc. 
Some  maintained  that  three  was  the  regnant  number,  others  upheld 
four,  others  seven,  but  the  most  numerous  and  influential  school 
contended  for  five.  Exactly  what  the  philosophers  thought  th^ 
meant^  or  what  strange  visions  they  may  have  conjured  up  may  never 
be  known.  But  for  a  time  (1822-42)  the  school  of  quinarians,  as  they 
were  called,  claimed  most  of  the  naturalists  of  Britain.  The  most 
zealous  of  the  school  (William  Swainson)  was  especially  displeased 
with  the  developmental  hypothesis  of  Lamarck  and  characterized 
the  "speculations"  of  the  great  Frenchman  "not  merely  as  fanciful, 
but  absolutely  absurd." 

But  it  was  the  much-contemned  hypothesis  of  descent  with  modi- 
fications that  was  destined  at  last  to  relieve  biological  science  of  the 
wild  and  irrational  speculations  and  classifications  of  the  nature- 
philosophers,  physiophilosophers,  circularians,  quinarians,  trinarians, 
septenarians,  and  their  like  that  flourished  during  the  first  half  of  the 
past  century. 

Development  Theory 

Although  there  had  been  previous  indications  of  belief  that  trans- 
mutation of  species  might  have  been  a  cause  for  the  diversity  of  animal 
life,  Jean  Baptiste  Pierre  Antoine  de  Monet  de  Lamarck  (1809)  first 
framed  a  hypothesis  that  had  a  logical  basis,  although  weakened  by 
unproved  postulates.  In  view  of  those  weaknesses,  it  was  easy  to 
bring  forth  many  facts  that  seemed  to  militate  unanswerably  against 
it,  and  such  were  well  put  forward  by  Cuvier;  as  the  hypothesis,  too, 
was  very  unpopular,  it  was  for  a  long  time  stifled.  In  the  meanwhile 
geological  and  paleontological  investigation,  comparative  morphology, 
physiology,  embryology,  and  zoogeography,  as  well  as  systematic 
zoology,  were  reveaUng  innumerable  facts  that  pointed  all  in  the  same 
direction  and  were  only  explicable  collectively  by  the  assumption  that 
they  were  the  result  of  original  community  of  origin  and  subsequent 
deviation  by  gradual  changes  from  time  to  time.  The  facts  were  at 
length  collocated  with  extreme  skill  by  Charles  Darwin  (1859)  and  a 
rational  explanation  of  their  evolution  by  means  of  natural  selection 
made  the  new  development  theory  acceptable  to  well-informed  natu- 
ralists and  logical  thinkers  generally. 


Sequence  op  Groups 

It  had  been  almost  the  universal  custom  from  olden  time,  as  well  as 
during  the  Linnsean  era,  to  commence  the  enumeration  or  catalogues 
of  animals  with  the  forms  exhibiting  most  analogy  with  man  and 
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consequently  the  highest  in  the  scale  of  organic  nature.  As  long  as 
species  were  assum^  to  be  individually  created  this  was  perhaps  the 
most  natural  course,  and  at  least  had  the  advantage  of  proceeding 
from  the  comparatively  known  to  the  almost  unknown.  A  significant 
and  noteworthy  exception  to  this  mode  of  procedure  among  the  old 
naturalists  was  afforded  by  Lamarck  (1809  et  seq.),  the  precursor  in 
this  respect,  as  well  as  in  recognition  of  descent,  of  the  modem  school. 
When  it  became  generally  recognized  that  there  had  been  always  a 
progression  and  development  from  antecedent  forms,  naturally  there 
was  a  change  in  the  manner  of  exposition  of  a  series,  and  the  lowest 
forms  were  taken  as  the  initial  ones  and  followed  by  those  successively 
higher  in  the  scale  of  beings.  Even  when  old  prejudices  were  adminis- 
tered to  and  the  highest  animals  put  first  in  a  work,  it  was  often  done 
in  a  reversed  series ;  that  is,  after  the  supposed  natural  ascensive  series 
had  been  determined  on,  that  series  was  simply  reversed  in  order 
that  the  highest  should  be  the  first  and  the  lowest  the  last.  Many  of 
our  text-books  of  zoology  still  have  this  characteristic,  but  are  being 
rapidly  replaced  by  those  exhibiting  the  phyletic  series. 

Histology 

One  of  the  most  noteworthy  modifications  of  systematic  zoology 
was  the  fruit  of  histological  research.  In  1839  Theodor  Schwann, 
incited  by  the  brilliant  results  of  Matthias  Jacob  Schleiden's  re- 
searches (1838)  in  vegetal  histology,  and  at  the  suggestion  of  Johannes 
Muller,  undertook  investigations  which  led  him  to  consider  that  the 
animal  frame  was  built  up  from  innumerable  cells  variously  modified 
to  form  the  different  systems  and  organs  of  which  it  is  composed. 
Ultimately  the  animals  thus  developed  were  segregated  by  Ernst 
Haeckel,  and  the  animal  kingdom  was  limited  to  them,  while  the 
simple  unicellular  animals  which  had  been  already  designated  as  Pro- 
tozoa were  associated  with  unicellular  plants  under  the  general  term 
Protista.  One  of  the  prominent  features  of  this  idea  was  accepted  by 
•Huxley  (1874)  with,  however,  the  very  important  modification  of 
retaining  the  old  conception  of  the  animal  kingdom  and  keeping  the 
name  Protozoa  as  the  collective  name  of  the  unicellular  animals  while 
taking  a  suggested  name  of  Haeckel's  (Metazoa)  for  the  multi- 
cellular animals. 

Gradual  Delimitation  op  Genera 

As  has  been  already  noted,  the  animal  genera  of  Linn^  weremostly 
extremely  comprehensive,  answering,  when  natural  groups,  to  families, 
superfamilies,  and  even  orders  or  classes  of  modern  naturalists.  Such 
contrast,  however,  with  others  of  the  Linncean  genera,  and  when  this 
fact  became  recognized  and  it  was  discovered  that  the  large  genera 
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embraced  types  exhibiting  many  differences  in  detail,  the  latter  were 
subdivided;  early  in  the  past  century,  at  first  owing  espedaily  to 
French  and  Gennan  naturalists,  the  subdivision  of  old  genera  on 
approximately  present  lines  was  commenced  and  appUed  at  different 
times  to  various  classes.  It  is  noteworthy  that  in  some  instances  the 
authors  of  the  new  genera  quite  abruptly  changed  their  minds  raid- 
ing the  nature  of  such  groups.  For  example,  Lac^p^e,  in  17^,  m 
the  closing  lecture  of  his  course  at  the  Museum  of  Natural  History, 
recognized  only  fifty-one  genera  of  mammals,  but  a  few  months  later 
(in  1799),  in  a  "tableau,"  admitted  and  defin^  eighty-four  genera. 

It  seems  to  be  generally  supposed  that  there  has  been  an  unin- 
terrupted tendeilcy  among  zoologists  to  refinement  and  increase  of 
number  of  genera  to  the  present  time,  but  siy:h  is  by  no  means  the 
case.  Half  a  century  ago  and  more  some  ornithologists  subdivided  old 
genera  and  made  new  ones  to  an  extent  to  which  none  of  the  present 
time  is  prepared  to  go.  For  example,  Charles  Bonaparte,  Prince  of 
Canino,  required  eleven  genera  of  gulls  to  include  those  now  congre- 
gated in  one.  About  the  same  time,  some  herpetologists  were  equally 
radical.  Leopold  J.  F.  J.  Fitzinger,  in  1843,  distributed  species  which 
are  now  combined  by  all  in  the  genus  Anolis  among  no  less  than 
fifteen  genera.  The  genus  Bufo,  as  now  understood,  was  split  by 
some  herpetologists  into  a  dozen  or  more.  These  are  only  samples 
of  numberless  analogous  cases. 

The  Old  and  the  New 

A  comparison  of  systematic  zoology  at  its  dawn  with  that  of  the 
present  time  is  rather  a  contrast  of  different  themes. 

The  old  naturalists  believed  that  all  species  of  animals  were  created 
as  such  by  a  divine  fiat ;  the  modem  consider  that  all  animab  are 
derivatives  from  former  ones  and  that  their  differences  have  been 
acquired  during  descent  and  development. 

The  Linnseans  based  their  systems  on  superficial  characteristics, 
and  the  modems  take  into  consideration  the  entire  animal. 

The  early  systematists  assumed  that  characters  drawn  from 
structures  or  parts  most  useful  to  the  animals  were  the  best  guides  to 
the  relationship  of  the  animals;  the  latest  ones  have  learned  to  dis- 
tmst  the  evidential  value  of  similarity  of  stmctures  unaccompanied 
by  similarity  of  all  parts.  The  former  were  guided  mainly  by  phys- 
iological characters ;  the  latter  take  morphological  ones. 

The  Linnseans  confined  their  generalizations  to  few  categories  — 
genera,  orders,  classes;  the  modems  exhibit  the  manifold  modifica- 
tions and  coordinations  of  all  structural  parts  in  many  categories 
—  genera,  subfamilies,  families,  superfamilies  and  various  higher 
groups. 

The  old  naturalists  believed  more  or  less  in  the  existence  of  a 
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regular  chain  of  beings  from  high  to  low;  the  new  ones  recognize  the 
boundless  ramifications  of  all  animal  stocks. 

The  elders  assumed  certain  forms  as  highest  and  ranged  their 
series  from  high  to  low;  the  sons  commence  their  series  with  the 
most  generalized  types  and  progress  from  the  generalized  to  the  more 
specialized. 


Prospects  and  Needs 

In  numerous  old  systematic  and  descriptive  works  —  but  in 
many  cases  not  very  old  —  the  skeleton  and  other  anatomical  details 
were  noticed  in  connection  with  the  species  described,  but  not  seldom 
some  of  those  details,  if  rightly  interpreted,  would  be  in  contravention 
of  the  classification  adopted.  In  fact,  the  anatomy  was  to  all  intents 
and  purposes  treated  as  an  offering  of  curious  but  useless  information. 
Such  conceptions,  happily,  are  mainly  —  but  not  entirely  —  of  the 
past,  and  we  may  live  to  welcome  the  day  when  every  animal  will  be 
treated  as  whole.  Systematic  zoology  will  then  be  regarded  as  the  ex- 
pression of  our  knowledge  of  the  entire  structure  and  as  an  attempted 
equation  of  the  results  obtained  by  investigations  of  all  kinds.  In 
fact,  systematic  zoology  is  simply  an  attempt  to  estimate  the  relative 
importance  of  all  structural  details  and  to  correlate  them  so  that  their 
relative  values  shall  become  most  evident.  It  is  the  scientific  out- 
come of  all  anatomical  or  morphological  knowledge,  and  the  aim  is  to 
arrange  the  animal  groups  in  such  a  manner  as  to  show  best  their 
genetic  relations  and  the  successive  steps  of  divergence  from  more  or 
less  generalized  stocks. 

One  consummation  devoutly  to  be  wished  for  is  general  acceptance 
of  a  standard  for  comparison  and  the  use  of  terms  with  as  nearly 
equal  values  as  the  circumstances  admit  of.  There  is  a  great  difference 
in  the  use  of  taxonomic  names  for  the  different  classes  of  the  animal 
kingdom.  The  difference  is  especially  great  between  usage  for  the 
birds  and  that  for  the  fishes.  For  the  former  class,  genera,  families 
and  orders  are  based  on  characters  of  a  very  trivial  kind.  For  ex- 
ample, the  family  of  Turdidse,  or  thrushes,  relieved  of  formal  verbiage, 
has  been  distinguished  from  neighboring  families  solely  because  the 
young  have  spots  on  the  breast,  but  even  this  distinction  is  now  known 
to  fail  in  some  instances.  Extremely  few,  if  any,  of  the  families  of 
oscine  birds  are  based  on  characters  of  a  kind  which  would  be  re- 
garded as  of  family  value  in  other  classes  of  vertebrates.  On  the  other 
hand,  many  of  the  families  and  genera  of  fishes  are  made  by  some 
excellent  authorities  to  include  types  separated  by  striking  peculi- 
arities of  the  skeleton  as  well  as  the  exterior.  The  mammals  are  a 
class  whose  treatment  has  been  mostly  intermediate  between  that  for 
the  birds  and  that  for  the  fishes.  Its  divisions,  inferior  as  well  as 
comprehensive,  have  been  foimded  on  anatomical  characters  to  a 
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greater  extent  than  for  any  other  class.  Its  students  are  numerous  and 
qualified.  Mammalogy  might  therefore  well  be  accepted  as  a  standard 
for  taxonomy,  and  the  groups  adopted  for  it  be  imitated  as  nearly  as 
the  differing  conditions  will  adipit.  The  families  of  birds  would  then 
be  much  reduced  in  number  and  those  of  fishes  increased.  All  the 
active  herpetologists  and  ichthyologists  of  the  United  States  have 
subordinated  their  own  beliefs  and  ideas  as  to  what  would  have  been 
most  desirable,  to  a  greater  or  less  extent,  to  approximate  the  desirable 
reduction  of  the  terms  admitted  by  them  to  a  standard  uniform  with 
that  adopted  by  mammalogists.  If  others  would  likewise  sacrifice 
their  own  predilections,  the  lamentable  inequality  of  usage  now  preva- 
lent would  be  much  less;  such  congruity  would  be  to  the  great  ad- 
vantage of  comparative  taxonomy. 

In  these  days  of  extreme  specialization  one  of  the  greatest  needs  m 
our  universities  is  a  professor  of  systematic  zoology  with  whom  con- 
ference may  be  held  as  to  the  propriety  of  any  systematic  modifica- 
tion resulting  from  special  investigation  of  the  anatomy  of  any  organ 
or  part,  or  of  any  group  of  animals.  Such  conference  might  prevent 
the  publication  of  many  propositions  due  to  exclusive  consideration 
of  an  isolated  subject.  Perhaps  the  designation  of  systematic  mor- 
phology might  better  indicate  the  nature  of  the  suggested  course. 
The  consummation,  however,  it  must  be  admitted,^  b  more  desirable 
than  probable. 

I  have  intentionally  refrained  from  any  consideration  of  the  work 
of  living  zoologists.  If  I  had  undertaken  this,  the  task  of  selection 
would  have  been  very  diflScult,  and  at  any  rate  the  time  demanded 
for  proper  consideration  would  have  been  much  more  than  that 
requisite  for  the  reminder  of  past  discoveries.  The  progress  of  sys- 
tematic zoology  during  recent  years  has  been  in  accelerated  ratio, 
and  not  a  few  of  those  whose  achievements  have  helped  to  put 
zoology  at  its  present  level  are  in  Boston  to-day.  It  is  from  the 
summit  of  the  elevation  they  have  enabled  us  to  reach  that  we  look 
back  to  the  deeds  of  old  masters  and  can  determine,  better  than  their 
contemporaries  or  immediate  successors^  their  relative  merits. 
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THE   DETERMINATION    OF   GENOTYPES   IN 
ZOOLOGY^ 

J.  A.  ALLEN 

The  International  Code  of  Zoological  Nomenclature,  in  common 
with  all  previous  codes,  recognizes  four  conditions,  any  of  which, 
when  present,  determines  the  type  of  a  genus.    These  are : 

1.  A  genus  that  contained  only  one  species  when  founded  neces- 
sarily takes  that  species  as  its  type.    (Type  by  monotypy.) 

2.  When  the  author,  at  the  time  of  founding  a  genus,  designates 
a  species  as  its  type,  that  species  must  invariably  be  accepted  as  its 
type.    (Type  by  designation.) 

3.  When  the  name  of  a  genus  is  the  same  as  that  of  one  of  its 
species,  or  the  same  as  a  svnonym  of  one  of  its  species,  that  species 
must  be  accepted  as  the  type.    (Type  by  tautonymy.) 

4.  When  the  type  is  not  fixed  by  one  or  the  other  of  these  three 
universally  accepted  rules,  and  an  author,  either  the  original  author 
or  some  other,  subsequently  selects  one  of  the  original  species  as  the 
type  of  the  genus,  the  first  species  so  designated  must  be  recognized 
as  the  type.    (Type  by  revision.^) 

There  are  at  present  apparently  very  few  genera  the  types  of 
which  have  not  already  been  determined  by  one  or  the  other  of  these 
four  methods,  the  number  of  genera  whose  types  are  in  abeyance 
being  relatively  very  small.  This  general  statement  is  based  on  a 
critical  examination  of  the  genera  of  the  bird  fauna  of  North  America, 
over  four  hundred  in  number,  and  on  a  general  survey  of  the  bird 
genera  of  the  world. 

This  examination  has  shown  (1)  that  about  one-half  of  the  avian 
genera  were  originally  founded  on  a  single  species;  (2)  that  about 
one-tenth  had  the  type  designated  by  the  founder;  (3)  that  the  type 
for  another  tenth  is  determinable  by  the  rule  of  tautonymy.  Thus 
seven-tenths  of  all  the  bird  genera  of  North  America,  and  probably 
of  the  world,  are  unequivocally  —  we  might  almost  say  automati- 
cally —  determined  by  rules  of  practically  universal  acceptance.  This 
leaves  only  three-tenths  to  be  determined  by  the  above-stated  rule 

*  Presented  before  the  Section  on  Svstematic  Zo51ogy  and  referred  to  the 
International  Commission  on  Zoological  Nomenclature. 

*  "  Type  by  subsequent  designation,"  as  expressed  in  the  new  Article  30  of 
the  International  Code,  adopted  smce  thiis  paper  was  written.  —  J.  A.  A. 
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four.  Doubtless  these  proportions  hold  good  in  respect  to  other 
classes  in  zoology. 

To  state  the  matter  in  another  way,  the  types  of  this  three-tenths 
residue  of  originally  typeless  genera  depend  upon  the  action  of  a 
first  reviser,  or  upon  the  method  commonly  known  as  elimination. 
These  two  processes  are  so  intimately  interrelated  that  they  are  often 
inseparable  and  really  constitute  but  a  single  method. 

The  International  Code  of  Zoological  Nomenclature  provides  in 
Article  30:  "If  the  original  type  of  a  genus  was  not  indicated,  the 
author  who  first  subdivides  the  genus  may  apply  the  name  of  the 
original  genus  to  such  restricted  genus  or  subgenus  as  may  be  ad- 
visable, and  such  assignment  is  not  subject  to  subsequent  change." 
The  same  article  further  provides :  "If  the  original  genus  has  already 
been  divided  without  designation  of  type,  the  type  should  be  re- 
stricted by  elimination,  namely,  by  successively  rejecting  all  the 
species  that  have  already  been  transferred  to  other  genera;  the  type 
is  then  selected  from  the  species  which  remain."  These  provisions 
are  simply  the  application  of  the  rule  of  priority  to  the  dismember- 
ment of  polytypic  genera.  They  date  back  as  formal  rules  to  the 
British  Association  Code  of  1842,  and  have  thus  received  the  sanc- 
tion of  general  usage  for  more  than  half  a  century.  Consequently 
the  types  of  a  very  large  number  of  genera  in  all  departments  of 
zoology  have  been  determined  by  them. 

Of  late,  in  certain  quarters,  objection  has  been  made  to  them 
that  they  are  difficult  of  application  and  lead  to  uncertain  results; 
that  different  authors  often  reach  different  conclusions  from  the  same 
premises;  and  that  the  amount  of  research  involved  is  very  great, 
requiring  the  expenditure  of  much  valuable  time.  As  far  as  my  own 
experience  goes,  the  determination  of  types  by  so-called  eliminatioD 
is  not  often  difficult  nor  very  time-taking,  except  in  the  case  of  some 
of  the  large  genera  of  the  earlier  authors.  To  take  up  such  genera 
off-hand  is  truly  a  serious  undertaking,  but  in  monographic  work, 
where  a  thorough  knowledge  of  the  literature  of  the  subject  is  a 
prime  requisite  of  sound  results,  the  bibliographic  data  are  at  hand, 
being  brought  together  for  other  use,  so  that  the  extra  time  and  labor 
required  for  working  out  types  is  practically  trifling.  The  compli- 
cations, when  they  arise,  are  taxonomic  rather  than  nomenclatural, 
and  arise  from  the  uncertainty  of  rank  of  groups  that  some  authors 
have  recognized  as  genera,  others  as  subgenera,  and  others  as  of  no 
value  whatever.  Where,  in  one's  own  opinion,  the  value  of  a  group 
is  clearly  defined,  he  will  rarely  have  any  difficulty  whatever  in 
deciding  what  species  is  its  proper  type. 

In  order  to  provide  an  easy  method,  invariable  in  results,  for  the 
determination  of  the  three-tenths  residue  of  originally  typeless  genera, 
it  has  recently  been  proposed  to  adopt  a  first-species  rule,  under 
which  the  first  species  of  all  such  genera  must  invariably  be  taken 
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as  the  type  of  the  genus.  The  reasons  given  for  such  an  iconoclastic 
innovation  are,  briefly,  the  following:  (1)  The  ease  with  which  it 
may  be  applied,  it  being  claimed  that  it  is  necessary  to  refer  only 
to  the  original  description  of  a  genus  to  find  what  species  must  be 
taken  as  the  type.  (2)  The  absolute  uniformity  of  results,  nothing 
being  left  to  personal  opinion.  (3)  The  question  of  type  being  settled 
independently  for  each  genus,  the  result  does  not  depend  upon  the 
fixing  of  the  type  for  some  other  genus.  (4)  The  types,  as  now  cur- 
rently accepted,  of  many  of  the  genera  that  would  come  under  this 
rule,  it  also  is  claimed,  must  be  changed  in  any  event,  so  that  the 
adoption  of  a  first-species  rule  would  require  no  more  changes  than 
would  result  from  a  proper  enforcement  of  the  so-called  principle  of 
elimination.  (5)  As  about  76  per  cent,  of  this  three-tenths  residue 
already  have  the  first  species  as  the  type,  only  about  25  per  cent,  of 
them  would  be  subject  to  a  change  of  type,  or  only  about  one-tenth 
of  the  total  number  of  extant  genera.  The  inference,  drawn  from 
this,  is  that  a  first-species  rule  has  heretofore  been  quite  generally 
followed,  consciously  or  unconsciously,  the  claim  being  made  that 
"elimination  has  never  been  practised  in  Europe  and  does  not  seem 
to  be  understood  by  foreign  writers,"  who,  "in  the  vast  majority 
of  cases,"  take  the  first  species  as  the  type. 

I  shall  attempt  to  show  that  these  arguments  are  illusory  and 
invalid,  being  based  on  an  erroneous  conception  of  the  facts. 

I  may  premise  by  saying,  that  for  the  last  thirty  years  or  more  I 
have  taken  great  interest  in  all  questions  of  nomenclature,  and  have 
found  that  the  determination  of  genotypes  under  rules  so  long  cur- 
rendy  accepted  has  not  been  either  diflBcult  or  unsatisfactory,  and  that 
the  time  expended  in  such  work  has  been  richly  remunerative  along 
other  lines,  since  it  necessitates  bibliographic  research  and  brings  to 
light  many  facts  in  relation  to  the  work  of  our  predecessors  that 
would  otherwise  be  overlooked.  Since  the  proposal  of  a  first-species 
rule,  my  interest  in  the  determination  of  generic  types  has  been  greatly 
stimulated.  From  previous  knowledge  of  the  general  subject  I  was 
convinced  that  the  adoption  of  such  a  rule  would  result  in  overturn- 
ing the  names  of  many  prominent  and  well-known  genera  whose 
status,  as  determined  by  hitherto  currendy  accepted  rules,  has  re- 
mained without  change  for  generations.  Indeed,  in  order  to  set 
bounds  to  the  disastrous  overthrow  that  would  obviously  result 
from  the  unrestricted  enforcement  of  the  proposed  new  rule,  its 
promoters  have  volunteered  to  exempt  from  its  action  all  Linnsean 
genera,  fully  one-third  of  which  have  some  other  than  the  first  spe- 
cies as  the  type.  But  no  exemption  is  offered  for  the  hundreds  of 
other  genera,  equally  as  well  established  with  some  other  than  the 
first  species  as  type,  proposed  by  later  authors. 

The  objections  to  the  proposed  first-species  rule  are  numerous 
and  grave,  too  numerous  for  proper  consideration  in  the  present 
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connection.  In  the  first  place,  the  arguments  advanced  in  its  support 
are  specious  and  misleading.  For  instance:  (1)  Its  application  is 
not  so  easy  and  certain  as  is  claimed,  since  it  many  times  happens 
that  several  genera,  founded  at  widely  different  dates,  have  the 
same  first  species,  and  it  thus  becomes  necessary  to  consult  more 
than  a  single  reference  to  ascertain  which  of  these  several  genera  is 
entitled  to  recognition. 

(2)  It  sometimes  happens  that  the  first  species  is  unrecognizable, 
in  which  case  the  genus  falls,  being  indeterminable,  although  other- 
wise unchallengeable.  If  the  first  species  that  seems  satisfactorily 
determinable  is  to  be  taken  as  the  type,  the  element  of  persond 
opinion  at  once  enters  the  problem. 

(3)  An  objection  to  elimination  has  been  based  on  the  assumption 
that  the  discovery  of  an  error  in  the  date  of  a  publication  would 
affect  not  only  all  the  genera  therein  described  but  every  operation 
of  elimination  involving  these  genera,  and  not  only  these  but  other 
genera;  whereas  under  the  first-species  rule  "an  error  in  the  usually 
accepted  date  of  a  publication  has  no  bearing  on  the  types  of  genera." 
Theoretically  this  assumed  objection  to  elimination  appears  to  have 
some  importance;  actual  experience,  however,  proves  it  to  be  neg- 
ligible, since  in  twelve  such  instances  recently  discovered  among  North 
American  bird  genera,  the  type  remains  unaffected  in  eleven  of  them 
and  falls  on  a  congeneric  species  in  the  other  case,  leaving  the  whole 
twelve  names  unchanged. 

(4)  The  first-species  rule  is  a  needless  and  destructive  innovation. 
The  types  of  all  die  genera  that  would  come  under  it  have  already 
been  determined,  or  are  determinable,  by  the  action  of  some  first 
reviser,  working  under  rules  that  have  been  commonly  recognized 
for  over  half  a  century,  these  rules  including  the  provision  for  deter- 
mining types  by  so-called  elimination.  The  first-species  rule  abso- 
lutely ignores  all  the  work  of  the  present  and  previous  generations 
on  these  lines.  To  show  the  extent  and  character  of  the  changes 
that  would  result  from  its  adoption  I  am  able  to  present  a  few  state- 
ments based  on  a  critical  examination  of  the  four  hundred  or  more 
commonly  accepted  genera  of  North  American  birds,  the  types  of 
which  were  carefully  determined  by  a  committee  of  experts  in  1886. 
It  having  recently  been  claimed,  in  behalf  of  the  adoption  of  the  first- 
species  rule,  that  many  of  these  type  determinations  were  erroneous,  I 
have  taken  up  their  redetermination  de  novo,  that  is,  independently 
of  any  previous  determination.  Taking  the  second  edition  of 
the  American  Ornithologists*  Union  Check-List  of  North  American 
Birds  and  its  supplements  as  a  basis  of  comparison,  I  find  not  one 
absolutely  erroneous  type  determination  on  the  basis  of  elimination ; 
there  are  two  or  three  others  where  the  case  is  complicated  with 
taxonomic  questions,  a  lapse  of  twenty  years  having  changed  the 
point  of  view,  so  that  the  difference  in  results  cannot  be  attributed 
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solely  to  elimination.  On  the  other  hand  eighteen  changes  are 
necessary  under  the  strict  application  of  the  first-species  rule,  all  of 
which  are  tenable  beyond  question  from  any  other  point  of  view. 
Some  of  these  changes  are  transpositions  of  long  familiar  names  to 
entirely  new  associations,  in  other  cases  familiar  names  are  reduced 
to  synonymy  and  replaced  by  wholly  new  ones. 

(5)  During  the  last  five  or  six  years  various  long-forgotten  works 
or  overlooked  references  have  cpme  to  light  which  affect  the  generic 
names  of  North  American  birds ;  as  already  said,  twelve  are  carried 
back  to  earlier  dates  without  affecting  their  types  or  the  types  of 
any  other  genera;  eleven  are  replaced  by  others  under  the  rule  of 
priority;  three  are  replaced  under  the  rule  of  tautonymy;  five  have 
been  found  to  be  preoccupied,  and  four  have  been  replaced  be- 
cause used  in  a  wrong  sense.  This  makes  twenty-three  generic 
changes  due  to  the  enforcement  of  the  conunonly  accepted  rules  of 
nomenclature. 

(6)  If  the  first-species  rule  be  enforced  for  only  the  non-Linnsean 
genera,  eighteen  more  generic  changes  will  have  to  be  added  to  these 
twenty-three,  which  are  wholly  superfluous,  because  otherwise  un- 
called for.  If  the  Linnsean  genera  were  to  be  included,  eighteen 
additional  generic  changes  would  be  necessary  under  the  first-species 
rule,  or  thirty-six  in  all,  as  against  twenty-three  from  aU  other  causes, 
of  which  only  one  to  three,  according  to  the  point  of  view,  can  be 
assigned  to  the  erroneous  determination  of  types  by  elimination.  Is 
it  worth  while  to  introduce  a  new  rule,  so  prolific  of  needless  and  con- 
fusing changes,  for  the  alleged  advantage  of  saving  labor  and  time  ? 
Would  not  the  friction  and  annoyance  of  the  entailed  changes  in 
nomenclature,  and  the  labor  of  adjusting  long-familiar  conditions  to 
the  proposed  new  regime,  more  than  offset  all  the  advantages  claimed 
for  the  new  rule,  even  granting  that  these  claims  are  valid  ? 

(7)  It  is  claimed  Aat  elimination,  even  in  the  best  of  hands, 
will  not  give  uniform  results,  and  that  the  method  is  too  compli- 
cated for  general  use,  while  the  first-species  rule,  it  is  said,  can  give 
but  one  result  and  can  be  practised  by  any  one.  My  own  recent 
experience  with  four  hundred  bird  genera  leads  to  a  different  conclu- 
sion, for  my  own  results  agree  within  a  fraction  of  one  per  cent  with 
the  A.  O.  U.  Check-Lifft  and  with  Ridgway's  recent  determinations  in 
his  Birds  of  North  and  Middle  America,  and  equally  well  with  the 
type  determinations  of  the  British  Museum  Catalogue  of  Birds, 
where  the  groups  are  taxonomically  the  same,  and  where  the  starting- 
point  is  not  in  conflict  through  beginning  with  the  tenth  instead 
of  the  twelfth  edition  of  Linnseus's  Systema  Naturae.  The  method 
of  elimination  is  well  enough  defined  in  Article  30  of  the  "  International 
Code,*'  already  quoted,  for  properly  equipped  nomenclators,  but  it 
might  well  be  further  elaborated  and  illustrated  for  the  benefit  of 
the  less  experienced. 
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(8)  The  first-species  rule  ignores  and  throws  out  of  considera- 
tion all  type  determinations  made  by  the  first  reviser.  The  impor- 
tance of  this  objection  is  doubtless  not  generally  appreciated,  and 
may  be  illustrated  by  an  example  of  the  influence  of  die  first  reviser 
in  the  determination  of  the  genotypes  now  currendy  accepted  in 
ornithology.  In  1840,  George  Robert  Gray,  of  the  British  Museum, 
published  a  List  of  the  Genera  and  Subgenera  of  Birds,  with  addi- 
tions in  1841,  and  new  editions  in  1842  and  1855.  In  the  1855  edi- 
tion he  recognized  2403  genera,  for  each  of  which  he  designated  a 
type.  Taking  North  American  genera  of  birds  again  as  an  illus- 
tration, it  is  found  that  212  of  the  430  involved  in  the  examination 
were  monotypic  when  founded,  that  32  had  their  types  designated  by 
the  founder,  and  that  the  types  of  57  are  determined  by  tautonymy, 
leaving  129  that  were  originally  typeless.  Twelve  of  these  were 
proposed  subsequent  to  Gray's  last  edition,  and  many  others  he  did 
not  see  fit  to  recognize.  For  90  of  them,  however,  he  designated 
types,  nearly  all  of  which  are  the  types  recognized  to-day  for  these 
90  genera.  Gray's  first  list,  published  in  1840,  preceded  the  pro- 
mulgation of  the  "  British  Association  Code,"  and  he  was  thus  guided 
not  only  in  his  selection  of  types,  but  in  respect  to  rules  of  nomen- 
clature, only  by  his  own  sense  of  the  fitness  of  things.  Where  the 
types  he  designated,  taking  the  bird  genera  at  large,  are  not  the 
types  now  recognized,  it  generally  turns  out  that  he  either  selected  a 
species  that  was  not  originally  included  in  the  genus,  or  that  he 
took  his  genus  from  some  pre-Linnfiean  author  or  other  imtenable 
source. 

Gray  has  often  been  cited  as  a  first-species  man.  In  the  case  of 
these  90  genera  he  chose  the  first  species  in  65  cases,  and  some  other 
species  in  25  cases,  although  in  9  of  the  latter  the  first  species  was 
available  at  the  time  he  assigned  a  type.  Of  the  65  cases  in  which  he 
chose  the  first  species  as  the  type,  the  first  species  was  the  only  one 
then  available  in  30  cases,  while  in  24  other  cases  either  all  of  the 
original  species  were  congeneric,  or  all  then  left  in  the  genus  were 
congeneric,  leaving  the  way  open  for  him  to  select  the  first  species 
as  the  type  without  doing  violence  to  the  original  author's  intentions. 
That  Gray  was  not  a  hard-and-fast  first-species  man,  like  the  present 
supporters  of  a  first-species  rule,  is  evident  from  his  attitude  toward  the 
work  of  his  predecessors,  since  he  refrained  from  taking  the  first 
species  as  a  genotype  when  it  had  already  been  made  the  type  of 
some  other  genus.  He  also  recognized  the  principle  of  tautonymy 
in  selecting  types,  consistently  designating  tautonymic  species  as 
types  when  such  were  available.  Another  noteworthy  fact  in  connec- 
tion with  his  work  as  a  first  reviser  is  the  respect  shown  for  his  type 
designations  by  subsequent  authors,  by  whom  they  have  been  almost 
invariably  accepted  unless  designated  in  violation  of  the  principles 
of  the  British  Association  Code,  which,  as  already  said,  had  no 
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existence  till  after  the  first  three  editions  of  his  catalogue  of  the 
genera  and  subgenera  of  birds  had  been  published. 

As  is  well  known,  other  departments  of  zoology  have  had  their 
first  revisers  who  have  compiled  lists  of  genera  and  designated  types 
much  after  the  plan  of  G.  R.  Gray  in  ornithology.  Is  it  worth  while 
to  ignore  all  such  work  for  the  sake  of  bringing  in  an  iconoclastic 
first-species  rule,  which  has  not  only  never  had  place  in  any  previous 
code  of  nomenclature,  but  contravenes  fundamental  rules  that  have 
formed  part  of  every  previous  code  from  the  "  B.  A.  Code  "  of  1842 
down  to  the  "  International  Code"  of  1905? 

Many  claims  have  been  put  forth  in  support  of  the  proposed 
first-species  rule  that  lack  of  time  renders  it  impossible  here  to  notice, 
among  them  a  claim  that  American  botanists  have  already  adopted 
a  first-species  rule,  and  that  a  first-species  rule  is  inevitably  to  become 
one  of  the  corner-stones  of  all  future  codes.  As  to  the  first  claim, 
the  recently  issued  revised  "American  Code  of  Botanical  Nomen- 
clature," published  in  April  of  the  present  year  (1907),  is  suflBcient 
answer,  where  a  first  species,  as  such,  has  no  more  eligibility  as  a 
genotype  than  any  other  species,  eligibility  depending  entirely  on 
other  conditions.  As  to  the  second  claim,  a  first-species  rule  may 
find  favor  at  certain  localities,  or  with  certain  authors,  but  if  it  is 
ever  adopted  as  a  part  of  our  "International  Code  of  Zoology,"  the 
date  of  that  event  b  evidently  far  in  the  future. 
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DEBER  EIN  PAAR  INTERESSANTE  PROTOZOENFORMEN 
AUS  DEM  ATLANTISCHEN  OCEAN  UND  EINEN  NEUEN 
KERNTEILUNGSMODUS  BEI  RADIOLARIEN 

(Abstbact) 

A.   BORGERT 

Der  Vortrag  behandelt  die  neuen  Tripylen-Gattungen  Halo- 
cella,  Lobocella  und  Cornucella,  die  mit  dem  Genus  Atlanticella  in 
der  Familie  der  Atlanticellidae  zu  vereinigen  sind.  Eine  ausfuhr- 
lichere  Beschreibung  wird  erscheinen  im  Archiv  fiir  Protistenkimde, 
Bd.  1907,  p.  430  flf. 

Ausserdem  wird  iiber  eine  bei  Aidacaniha  scolymanlha  beobachtete 
neue  Art  der  Kernteilung  berichtet,  fur  welche  die  Ausbildung  eines 
Hohlraumes  im  Innern  des  Kernes  und  die  Entwicklung  einer  dem 
Hohlraum  durchsetzenden  doppelten  Scheidewand  charakteristisch 
ist  die  Trennung  der  Kernhalsten  erfolgt  in  der  Ebene  zwischen  den 
beiden  Scheidewanden.  Die  vorbereitenden  Phasen  sind  die  gleichen 
wie  bei  der  regularen  mitotisehen  Zweiteilung  und  es  bleibt  auch  bis 
zur  voUstandigen  Trennung  der  Tochterkeme  die  Fadenstmctur 
des  Chromatins  erhalten.  Die  Abzweigung  der  in  Rede  stehenden 
Teilungsstadien  von  denen  der  mitotisehen  Reihe  erfolgt  auf  einem  der 
Zusanunenlagerung  der  Chromosomen  zur  Aequatorialplatte  vorauf- 
gehenden  Stadium,  in  welchem  der  Kern  von  annahemd  linsen- 
formiger  Gestalt  ist.  Beziiglich  aller  weiteren  Einzelheiten  sei  auf 
dies  in  Vorbereitung  befindlichen  zweiten  Theil  der  Untersuchungen 
uber  die  Fortpflanzung  der  tripyleen  Radiolarien  verwiesen. 
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THE  GENERA  CORYNTTIS,  GEMMAMA,  AND  ZANCLEA 

CHAS.  W.  HARGITT 

For  some  years  the  author  of  this  communication  has  been  aware 
of  more  or  less  confusion  concerning  the  exact  definition  and  char- 
acterization of  the  above-named  genera.  From  material  which  has 
recently  come  into  my  possession,  and  upon  a  careful  review  of  the 
literature,  especially  McCrady's  original  descriptions,  I  believe  it  is 
now  quite  possible  to  clear  up,  once  for  all,  most  of  (lie  existing  am- 
biguity and  uncertainty. 

In  a  recent  paper  Biol.  Bull.,  14,  p.  100,  1907,  figures  and  detaib 
are  submitted  which  need  not  be  here  repeated.  It  is  the  purpose  of 
this  paper  to  merely  call  attention  to  the  more  important  points,  and 
summarize  conclusions. 

Corynitis.  —  This  genus  was  instituted  by  McCrady  for  a  hydroid 
and  medusa  described  by  him  from  Charleston  Harbor  (Proc.  Elliott 
Soc.  Nat.  Hist.y  l,p.  131),  and  named  in  honor  of  Professor  Agassiz 
Corynitis  agassidi.  Notwithstanding  the  fairly  full  description, 
especially  of  the  medusa,  a  most  remarkable  confusion  has  crept 
into  the  literature  in  respect  to  the  supposed  relations  of  the  species. 

About  the  time  that  McCrady  described  his  species  Agassiz  also 
described  a  new  hydroid  which  he  designated  as  Halocharis  spiralis. 
(Con.  Nat.  Hist.,  4,  p.  239.)  For  some  unaccountable  reason  he 
subsequently  came  to  regard  this  species  as  identical  with  Mc- 
Crady's  Corynitis  agassizii,  and  on  page  340  (op.  cit.),  gives  priority 
to  the  latter  name,  ranking  his  Hal(>charis  as  a  synonym.  That  this 
was  not  a  mere  oversight  or  clerical  error  is  evident  in  that  on  page 
344  he  recognizes  McCrady's  Zanclea  gemmosa  as  quite  distinct 
from  Halocharis,  and  this  error  is  perpetuated  by  A.  Agassiz  in 
N.  Am.  Ac,  p.  183.  These  errors  have  continued  throughout  the 
literature  up  to  the  present  time,  though,  as  will  be  shown,  it 
has  later  come  to  be  known  definitely  that  the  medusa  which  Mc- 
Crady described  as  Zanclea  gemmosa,  or  rather  Gemmaria  aemm^sa, 
is  liberated  from  a  hydroid  resembling  Aga3siz's  Halocharis,  indeed 
almost  certainly  identical  with  it. 

That  Murbach,  who  first  observed  the  liberation  of  this  medusa, 
was  correct  in  identifying  it  with  McCrady*s  Gemmaria  gemmosa  I 
have  abundantly  satisfied  myself  by  similar  observations  at  various 
times  since.  But  he  is  clearly  in  error  in  attempting  to  identify  it 
with  McCrady*s  Corynitis,  due,  no  doubt,  to  the  earlier  error  of 
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Agassiz,  as  already  pointed  out.  Murbach  is  also  in  error  in  attempting 
to  distinguish  a  generic  difference  between  Agassiz's  Halocharis  and 
the  Gemmaria  of  European  writers,  as  I  have  elsewhere  pointed  out 
(Mitt.  Zod.  Sta.  Neapel,  16,  pp.  574-577,1904;  Meduace  of  Woods 
Hole,  p.  41,  1904). 

In  the  summer  of  1904  the  writer  described  an  apparendy  new 
species  of  hydroid  from  Long  Island  Soimd,  namely,  Syncoryne 
linvUlei  (Bid.  BvU.,  7,  p.  351, 1904).  Not  having  access  at  the  time  to 
McCrady's  monograph,  and  with  the  current  confusion  above  referred 
to  still  more  or  less  dominant,  the  detaib-of  McCrady's  description 
of  Corynitis  were  wholly  overlooked.  A  more  recent  and  critical 
examination  of  this  has  clearly  convinced  me  that  the  hydroid  in 
question  is  quite  identical  in  its  generic  relations  with  Corynitis,  and 
should  be  so  ranked  hereafter.  Whether  it  is  specifically  the  same  as 
C.  agassizii  must  remain  more  or  less  uncertain,  at  least  till  it  may  be 
possible  to  have  specimens  of  the  medusse  for  comparison,  these 
having  been  lacking  in  the  material  from  which  my  description  was 
drawn. 

That  there  may  be  no  doubt  whatsoever  as  to  the  facts  concerned, 
or  of  the  confusion  alluded  to,  it  seems  worth  while  to  include  a  sum- 
mary of  McCrady's  descriptions. 

Concerning  the  hydroid,  the  description  is  rather  inadequate  and 
indefinite.  "The  larva  is  a  coryne  with  a  short,  thick  polyp  and  few 
tentacula.  The  medusa-buds  borne  in  the  usual  position,  and  the 
peculiar  character  of  the  tentaculiferous  bell-margin  is  conspicuous 
at  an  early  age."  Of  the  habitat  of  the  hydroid  he  says,  "The  coryne 
which  bears  this  medusa  is  rather  rare,  as  is  also  the  medusa.  It  is 
found  growing  on  sponges  a  little  above  dead  low  water  mark.  It  has 
been  found  during  the  summer  months,  and  whether  or  not  it  exists 
during  the  winter  (as  in  all  probability  it  does),  has  not  been  ascer- 
tained. A  young  bitentaculate,  but  free  medusa,  has  been  found  as 
early  as  the  fifth  of  June.  A  fully  developed  specimen  has  occurred 
in  the  end  of  July,  while  as  late  as  the  twelfth  of  September  buds 
were  still  produced  from  the  coryne,  figures  6,  7,  and  8  having  been 
drawn  at  this  date.  This  leads  me  to  say  that  I  have  not  seen  the 
actual  separation  of  a  bud  from  the  hydroid,  and  its  assumption  of 
the  form  of  figure  5.  My  confidence  that  they  are  one  and  the  same 
is  due  to  the  very  marked  and  almost  unmistakable  peculiarities  of 
the  medusa,  which  are  fairly  exhibited  in  the  buds  while  attached  to 
their  hydra." 

As  will  be  seen,  there  is  little  here  from  which  one  might  attempt 
to  identify  the  hydroid.  Aside  from  the  fact  that  it  is  designated  as  a 
corynid,  and  that  it  has  a  short  thick  hydranth  with  few  tentacles, 
the  medusa-buds  in  the  "usual  position,"  no  morphological  features 
are  given.  The  habitat  and  association  with  the  sponge  are  inter- 
esting facts,  but  without  taxonomic  significance. 
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Gemmaria  and  Zanclea.  —  Attention  has  been  directed  to  the 
confusion  of  McCrady's  Gemmaria  with  his  very  different  genus 
Corynitis,  A  similar  confusion  has  also  been  more  or  less  current  as 
to  the  relations  of  Gemmaria  and  Zanclea.  The  latter  was  insti- 
tuted by  Gregenbaur  for  a  medusa  found  at  Messina,  and  recognized 
by  McCrady  as  having  certain  points  of  similarity  to  his  doubtful 
Gemmaria,  which  he  believed,  however,  to  be  quite  generically 
distinct  from  Zanclea. 

Having  taken  a  medusa  at  Woods  Hole  during  several  years, 
which  is  now  well  known  as  identical  with  McCrady's  Gemmaria, 
and  having  kept  these  medusae  at  various  times  and  for  considerable 
periods  in  the  laboratory,  I  am  convinced  that  they  are  generically 
different  from  Zanclea.  Briefly  diagnosed,  Zanclea  was  described 
by  Gegenbaur  as  having  four  short  oral  lobes,  four  marginal  canals 
and  the  same  number  of  marginal  tentacles,  the  latter  with  numerous 
secondary  appendages  (Anhangen). 

In  at  least  two  important  aspects  there  are  important  differences 
in  Gemmaria,  namely,  the  mouth  is  not  marked  by  any  distingubh- 
able  lobes  or  lips ;  and  second,  there  are  only  two  marginal  tentacles. 
These  latter  do  not  increase  in  number  with  age,  so  far  as  one  may 
judge  by  having  them  long  under  observation.  This  is  likewise  true 
of  Gemmaria  implexa,  taken  by  the  writer  at  Naples,  and  described 
briefly  in  a  paper  in  the  Naples  Mittheilungen  (16,  p.  574,  1904). 

It  would  seem  therefore  that  the  genus  Gemmaria  of  McCrady 
must  be  recognized  as  founded  on  thoroughly  good  characters,  and 
that  it  is  quite  distinct  from  Zanclea  of  Gegenbaur.  Hence  we  must 
also  accept  McCrady's  G.  gemmosa  as  a  distinct  species,  and  this 
name  must  entirely  supplant  that  of  Corynitis  agassizii,  as  pointed 
out  in  the  preceding  section. 

In  a  recent  admirable  paper,  '*  Craspedoie  Medusen,  Codoniden, 
und  Cladonemiden,"  Hartlaub  has  discussed  in  some  detail  certain 
points  as  to  Gemmaria  and  Zanclea.  With  most  of  Hartiaub's  views 
the  foregoing  will  be  found  to  substantially  agree.  Concerning  his 
contention  as  to  the  identity  of  the  genera  Zanclea  and  Gemmaria  of 
Gegenbaur  and  McCrady  I  should  have  to  dissent,  at  any  rate  till 
such  time  as  there  may  be  presented  more  convincing  evidence  than 
is  at  present  available. 

Incidentally  it  may  be  noted  that,  not  only  was  McCrady  strongly 
impressed  with  the  generic  distinctness  of  Genmiaria,  but  subsequent 
students  of  these  genera,  notably  A.  Agassiz  and  Haeckel,  have  un- 
hesitatingly recognized  the  validity  of  McCrady's  genus.  Agassiz, 
who  was  familiar  with  G.  gemmosa,  has  described  an  additional 
species,  G.  cladofhora^  and  in  a  comparison  of  Genmiaria  and  Zan- 
clea says,  "The  form  of  the  bell,  of  the  digestive  cavity  and  of  the  ten- 
tacles are  wholly  different  in  the  two  genera"  (iV.  Am,  Acal.y  p.  185). 

Haeckel,  after  citing  Gegenbaur's  diagnosis  of  Zanclea,  presents 
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these  further  points :  "To  this  diagnosis  is  to  be  added  the  following: 
that  in  the  exumbrella  occur  four  perradial  nettle-rows,  that  the 
gonads  form  four  simple  perradial  pouches  in  the  wall  of  the  stomach, 
and  that  the  cavity  just  above  the  stomach  is  lacking,  which  distin- 
guishes the  nearly  related  Pteronema.  The  four  perradial  tentacles 
are  so  covered  with  stalked  netding  buds  that  they  appear  feathered." 

He  further  adds:  "Up  to  the  present  the  genus  Zanclea  has  been 
represented  only  by  a  Mediterranean  species,  Z.  cosiata  from  Messina. 
Agassiz  added  to  this  two  other  species,  Z.  ambigua  and  Z.  gemmosa. 
Of  these,  however,  the  first  is  to  be  placed  under  Pteronema,  the 
latter  under  Gremmaria."    (Das  Sysi.  der  Medusen,  p.  102.) 

Haeckel  therefore  recognized  without  hesitation  the  evident  dis- 
tinctness of  the  genus  Gremmaria,  and  has  himself  described  a  new 
species  under  it,  namely,  G.  sagittata. 

In  Hardaub's  revised  definition  of  the  genus  Zanclea  he  has  natu- 
rally modified  and  enlarged  that  of  Gregenbaur  in  order  to  include 
under  it  medusae  hitherto  described  under  the  generic  characters  of 
Genmiaria. 

To  the  present  writer  this  seems  likely  to  result  in  "confusion 
worse  confounded."  As  a  matter  of  fact  there  must  remain  more  or 
less  uncertainty  as  to  the  actual  relations  of  Gegenbaur's  genus  till 
the  ontogeny  of  the  medusa  is  clearly  established.  On  the  basis  of 
the  original  description  it  is  unmistakably  distinct  from  Gemmaria. 
The  statement  by  Browne  that  the  G.  implexa  of  the  Firth  of  Clyde 
may  have  two  or  four  tentacles  is  an  inference  rather  than  a  fact, 
the  four  tentacled  specimens  not  having  been  traced  direcdy  to  the 
hydroid  from  which  they  came.  And  until  this  is  actually  done,  espe- 
cially in  the  case  of  Zanclea  costaia,  any  attempt  to  reconstruct  genera 
is  premature  and  unwarranted. 
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(SCYTALIOPSIDAE) 

CH.  GRAVIER 

A  Djibouti,  tout  prfes  et  k  TOuest  de  la  R&idence  du  Gouver- 
neur  de  la  C6te  fran9aise  des  Somalis  (Afrique  orientale),  s'^tend 
une  vaste  bordure  de  sable  vaseux  qui  d6x>uvre  k  toutes  les  mar^ 
basses  et  qui  contient  des  debris  de  polypes  coralliaires  morts  prove- 
nant  sans  doute  des  r^ifs  qui  se  sont  d^velopp^s  jadis  sur  le  meme 
emplacement.  Dans  ces  sables  oii  I'on  trouve  toute  une  faune  vari^ 
de  Mollusques,  d'Anndides  polychfetes,  de  N^mertiens,  etc.,  j'ai 
recueilli  en  1904  le  Pennatulide  qui  fait  Tobjet  de  cette  note.  A  mer 
basse,  ce  Ccelent^r^  se  tient  toujours  enfonc^  verticalement  dans  le 
sol,  le  p^oncule  en  bas ;  Textr^mit^  sup^rieure  est  situfe  k  une  dizaine 
de  centimetres  et  quelquefois  plus  de  la  surface.  A  mer  haute,  les 
individus  qui  vivent  le  plus  pr^  du  rivage  sont  reconverts  par  une 
couche  d'eau  qui  n'a  gufere  qu'un  k  deux  mfetres  d'^paisseur. 

Le  corps  de  ce  Pennatulide,  dont  les  plus  grands  exemplaires 
n'atteignent  gufere  qu'une  dizaine  de  centimfetres  de  longueur  est  con- 
stitu^  par  une  tigelle  rectiligne  grele,  non  ramifi^  se  terminant  k  sa 
partie  inf^rieure  par  un  renflement  appel^  le  p^oncule  et  portant  lat^ 
ralement  les  polypes.  Ceux-ci  sont  groups  au  nombre  de  cinq  au  plus 
en  lames  dispos^es  en  deux  series  lat^rales  qui  ne  se  correspondent 
pas,  en  g^n^ral,  tout  k  fait  au  meme  niveau ;  la  discordance  qui  est, 
d'ailleurs,  pen  marqu^,  s'accentue  en  g^n^ral  vers  Textr^mit^  su- 
p^rieure.  Ce  n'est  gufere  que  dans  le  tiers  sup^rieur  qu'elles  prennent 
leur  plein  d^veloppement,  avec  leurs  cinq  polypes  juxtapose ;  au 
voisinage  du  sommet,  le  nombre  de  leurs  polypes  constituants  et,  par 
suite,  leur  largeur  diminuent  progressivement.  Dans  toute  cette  r^ 
gion,  elles  sont  largement  s^par^  les  unes  des  autres;  elles  ne  se 
recouvrent  en  aucune  fa9on,  comme  elles  le  font  chez  nombre  d'espfeces 
de  Virgulaires.  La  saillie  form^  par  les  polypes  d^rolt  r^gulifere- 
ment  dans  la  seconde  moiti^  du  corps,  k  mesure  qu'on  s'approche  du 
p^doncule ;  elle  s'efface  compl^tement  k  la  limite  du  quart  inf ^rieur  de 
I'animal.  Dans  cette  dernifere  partie,  la  tige  polypiffere  est  cylin- 
drique  avec  de  fines  stries  longitudinales  k  la  surface;  elle  s'dargit 
notablement  vers  la  base  pour  former  le  p^oncule. 

Sur  la  face  dite  dorsale,  on  voit,  entre  deux  lames  cons^utives  un 
seul  siphonozoide  bien  d^velopp^  et  un  autre  plus  r^uit,  ext^rieure- 
ment  au  pr^^ent.  Dans  leur  ensemble,  ces  siphonozoides  forment  de 
chaque  c6t^  deux  rang^  parallfeles  k  Taxe  et  compos^es  chacune 
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d'autant  de  siphonozoides  qu'il  y  a  de  lames  polypifferes.    Dans  la  par- 
tie  inf^rieure  du  rachis,  les  siphonozoides  deviennent  indiscernables. 

Sur  la  face  ventrale,  on  observe  de  chaque  e6t^,  dispose  paral- 
IMement  les  unes  aux  autres,  tr^  serr^es,  de  petites  taches  blanches 
transversales  qui  correspondent  k  autant  de  tubes  mettant  en 
communication  la  cavity  interne  (canal  ventral)  de  la  colonie  avec 
Text^rieur.  Ces  tubes  ne  s'^tendent  pas  vers  le  p^oncule  aussi  loin 
que  les  premieres  ^bauches  des  polypes.  En  revanche,  vers  le  sommet, 
ils  d^passent  le  niveau  des  lames  polypiferes. 

Avec  ses  lames  polypiferes  de  petite  taille,  sans  armature  de  spi- 
cules et  qui  se  continuent  vers  le  p^oncule  en  une  s^rie  de  bourrelets 
portant  des  polypes  v^ritables,  le  Pennatulide  d^crit  ci-dessus  rappelle 
le  type  des  Virgularidae  KoUiker  et  peut-etre  plus  particuliferement 
celui  du  genre  Scytalium  Herklots.^  Chez  ce  dernier,  en  eflfet,  dont 
la  forme  est  ^lanc^,  le  p^oncule  n'est  pas  nettement  d^limit^  k  sa 
partie  sup^rieure ;  les  polypes  log^s  dans  des  pseudo-calices  distincts, 
sont  disposes  en  lames  triangulaires  ins^r^es  obliquement  sur  le  rachis. 
Mais  celui  de  Djibouti  s'en  s^pare  nettement  par  ses  lames  polypifferes 
k  polypes  peu  nombreux,  largement  s^par^  les  unes  des  autres,  par 
la  section  circulaire  de  son  axe  qui  se  termine  au-dessus  du  p^oncule, 
par  Tabsence  complete  de  spicules,  par  ses  siphonozoides ;  en  outre, 
dans  le  genre  Scytalium,  les  cellules  sexuelles  se  forment  dans  les 
polypes  bien  d^velopp^,  ici,  dans  les  polypes  jeunes,  en  vde  de 
formation,  de  la  base  du  rachis. 

Le  nombre  r^uit  des  polypes  dans  chaque  lame,  celui  tout  aussi 
restreint  des  siphonozoides,  Tabsence  de  spicules  rapprochent  aussi  le  ' 
Pennatulide  en  question  du  genre  Svava  Danielssen  et  Koren;^ 
mais  chez  ce  dernier,  les  polypes  sont  k  peine  soud^  k  la  base,  de  sorte 
que  Roule  *  le  place  parmi  les  Junciformes,  k  c6t^  du  genre  Anthop- 
tilum  KoUiker;*  de  plus,  les  polypes  de  Svava  sont  log^  dans  des 
calices  nettement  d^finis. 

Le  Pennatulide  du  golfe  de  Tadjourah  se  s^pare  nettement  de  tous 
les  genres  actuellement  connus  de  la  tribu  du  meme  nom.  En  raison  de 
sa  ressemblance  avec  le  genre  Scytalium,  j'ai  propose  de  lui  donner 
le  nom  g^n^rique  de  Scytaliopsis  et  k  cause  de  son  Ueu  de  provenance, 
le  nom  sp^cifique  de  djiboiUiensis^ 

^  Herklots,  Notice  pour  aervir  h  V€tude  des  Polypiers  nageurs  au  Pennatididei^ 
1859. 

^  Danielssen  and  Koren,  The  Norwegian  North-AUaniic  Expedition,  1876-1878. 
Zo5logy.    Pennatulida,  1884. 

'  Roule,  Une  nouvelle  famille  d'Anthoioaires,  Bull,  du  Musium  d'HisL  naiw,, 
12,  1906. 

*  KoUiker,  Tfte  Voyage  of  H.  M.  S.  *' Challenger;  "  Report  on  the  Pennatulida, 
31,  1880. 

*  Gravier,  Sur  un  type  nouveau  de  Virgulaire,  BuU.  du  Mus^tn  d*Hist. 
natur.y  12,  1906.  L'^tude  anatomique  et  biologique  du  ScytaHopsis  djihouHen- 
sis  sera  publi^e  prochainement  avec  celle  des  autres  Alcyonaires  que  j'ai  recueillis 
en  1904  dans  le  golfe  de  Tadjourah,  dans  les  Archives  die  Zoologie  expirimerUale  et 
gin^rale. 
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Chez  les  Virgularidae  Kolliker,  les  lames  polypifferes  complfete- 
ment  dev^Iopp^es  sont  form^  d'un  nombre  de  polypes  qui  s'abaisse 
rarement  i  5  et  qui  d^passe  parfois  40.  Exceptionnellement,  la  Vir- 
gularia  lyungmanni  Kolliker  ne  compte  que  4  ou  5  polypes  k  chaque 
lame ;  mais  Kolliker  s'est  demands  si  le  seul  fragment  de  68  mm.  de 
longueur  qu'il  a  examine  n'^tait  pas  une  forme  jeune  de  la  Virgvr- 
laria  mirabUis  Lam.  qui  pent  avoir  35  centimetres  au  moins  de  longueur. 
Dans  la  meme  famille,  les  lames  sont,  en  g^n^ral,  rapproch^s  Tune  de 
Tautre;  elles  s'imbriquent  et  s'entrecroisent  meme  chez  certaines 
espfeces.  Dans  la  forme  d^crite  sommairement  ci-dessus,  les  lames 
restent  fort  distinctes  Tune  de  Fautre;  les  plus  grandes  d'entre  elles 
n'ont  que  4  ou  5  polypes. 

Les  siphonozoides,  chez  les  Virgulaires,  sont  situ^  g^n^ralement 
entre  les  lames  et  disposes  en  une  ou  plusieurs  ranges  transversales 
et  parfois  me-ne  en  une  rang^e  rdguli^re  du  c6t^  ventral ;  ils  se  conti- 
nuent  entre  les  lames  rudimentaires  de  la  partie  inf^rieure.  Ici  il  n'y 
a,  entre  deux  lames  cons^utives,  que  deux  siphonozoides  et  ceux-ci 
disparaissent  k  un  niveau  tr^  sup^rieur  k  celui  des  lames  polypif^res. 

Enfin  et  surtout  le  Pennatulid^  du  golfe  de  Tadjourah  se  distingue 
des  Virgularidae  et  de  tous  les  autres  Pennatulid^  par  les  tubes  cili^ 
ventraux  qui  font  communiquer  le  canal  ventral  directement  avec 
Text^rieur  et  dont  le  nombre  considerable  contraste  avec  la  reduction 
exceptionnelle  de  celui  des  siphonozoides.  C'est  meme  le  trait 
morpholopque  le  plus  saillant  de  ce  genre  nouveau,  tjrpe  d'une  nouvelle 
famille,  celle  des  Scytaliopsidae  qui,  tout  en  pr^sentant  un  aspect 
virgulariforme,  diff^re  cependant  davantage  des  Virgularidae  que 
celles-ci  ne  different  de  la  famille  voisine  des  Stylatulidae  Kolliker. 

Cette  famille  des  Scytaliopsidae  peut-etre  actuellement  caract^ris^ 
ainsi:  Lames  polypif^es  petiies,  sans  spicules,  insSries  obliquemeni 
suT  le  rachiSf  nettement  sSparSes  Vune  de  Vavtre,  d  nombre  restreini  de 
polypes.  Polypes  dipownrus  de  calices  viritables,  s'ouvrant  dans  les 
canaux  laUraiix.  Axe  arrondi;  sarcosome  mince;  siphonozoides  peu 
nombreux;  tvbes  ciliSs  ventravx  nettant  en  communication  le  canal 
ventral  avec  VexUrieur, 
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Les  Pennatulid^  se  pr^ntent  le  plus  g^n^ralement  sous  forme 
de  tiges  dont  la  partie  inKrieure  ou  p^oncule  est  enfonc^  dans 
les  fonds  peu  consistants,  ou  ees  animaux  vivent,  et  dont  la  partie 
sup^rieure  ou  rachis  porte  seule  les  polypes  diversement  disposes 
3uivant  les  types  que  Ton  eonsidfere.  Bien  qu'ils  ne  soient  pas  fix^ 
sur  leur  support,  on  les  regarde  d'ordinaire  comme  tout  aussi  priv^ 
de  locomotion  que  les  autres  Alcyonaires. 

Cependant,  dfes  1741,  Rumphius  ^  avait  remarqu^,  k  Amboine, 
qu'un  Pennatulid^  qu'il  d^signa  sous  le  nom  de  Sagitta  marina  aUxif 
tweede  soort,  et  que  KoUiker  d^rivit  plus  tard  sous  le  nom  de  Vir- 
gidaria  rumphii,  se  retire  profond^ment  dans  le  sable  jusqu'aux 
lames  polypiferes  et  qu'il  s^crfete  un  mucus  verd&tre  qui  le  rend 
phosphorescent  pendant  la  nuit  A  propos  de  la  Virgvlaria  juncea 
Pallas,  il  dit  que  Textr^mit^  reste  seule  visible  et  qu'elle  s'enfouit 
davantage  si  on  cherche  k  Textraire  de  son  milieu  sans  y  r^ussir.     * 

Plus  tard,  Dalyell '  avait  reconnu  une  certaine  motility  chez  les 
Virgulaires.  Tout  en  declarant  que  si  ces  animaux  sont  eapables 
de  se  d^placer  d'eux-m6mes,  par  leurs  propres  moyens,  il  ne  voit 
pas  par  quel  mtoinisme  les  mouvements  peuvent  s'accomplir,  il 
constate  que  les  parties  moUes  peuvent  se  r^tracter  en  se  tordant 
autour  de  la  tige  axiale  et  s'^tendre  ensuite  k  nouveau. 

Ces  observations  furent  ensuite  confirm^  par  Darwin'  pour 
une  esp^e  de  Patagonie  que  KoUiker  *  d^crivit  plus  tard  sous  le  nom 
de  Stylaivla  darwini.  A  mer  basse  on  voit,  d'apr^  cet  auteur,  des 
centaines  de  ces  Zoophytes  semblables  k  des  brins  de  chaume,  en 
saillie  de  quelques  pouces  au-dessus  de  la  surface  du  sable  boueux. 
Essaie-t-on  de  les  toucher  ou  de  les  arracher,  ils  se  retirent  aussit6t 
avec  force  dans  le  sable  et  disparaissent  entiferement  ou  peu  s*en 
faut.  Darwin  pensait  que  pour  r^aliser  cette  retraction,  Faxe  ^las- 
tique  de  la  colonic  doit  se  recourber  k  Textr^mit^  inf^rieure  et  que 
Textension  cons^utive  de  cet  axe  doit  suflSre  k  faire  saillir  de  nouveau 

*  Amboin*8che  Rariteitkamer,  p.  43.    1741. 

*  Rare  and  Remarkable  Animals  of  ScoUand,  2,  pp.  181-190.    1848. 

•  Journal  of  Research,  p.  199. 

•  Anatomisch-systematische  Beschreibung  der  Alcyonarien,  Ahhandl.  Senck. 
Naiurf.  GeseUsch,,  8er  Bd.,   p.  642.     1872. 
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rextr^mit^  r^traet^.  Kolliker  fit  remarquer  judicieusement  k  ce 
sujet  que  la  riche  musculature  du  p^oncule  suflSt  vraisemblable- 
ment  pour  accomplir  ces  mouvements. 

M.  L.  Diguet  a  recueilli  r^cemment  dans  la  baie  de  Tile  de  Spi- 
ritu  Santo,  presque  en  face  La  Paz  (Basse  Californie)  un  certain 
nombre  d'exemplaires  de  Stylatula  qui  paraissent  se  rapporter  k  la 
Siylatula  elongata  VerrilL*  Ces  Pennatulidfe  vivent  Ih,  k  un  niveau 
quis'ass^he  complfetement  k  mer  basse,  au  moment  des  grandes 
mar^  de  Kvrier,  dans  un  sable  coquillier  k  ^l^ments  assez  fins  oii  elles 
s'enfoncent  rapidement  quand  la  mer  descend.  Quelques  individus 
ont  jusqu'k  un  mfetre  de  hauteur  et  de  3  k  4  centimetres  de  largeur 
maxima,  quand  ils  sont  compl^tement  ^panouis. 

Enfin,  j'ai  pu  moi-m^me  ^tudier  sur  place  un  autre  Pennatulid^, 
le  Scytaliopsis  dfiboiUiensis  qui  devient  le  type  d'une  nouvelle  famille, 
celle  des  Scytaliopsidae,  dont  Taspect  rappelle  celui  des  Virgulaires. 
Get  animal  vit,  k  Djibouti,  dans  une  zone  d^couverte  k  toutes  les 
mar^.  J'en  ai  recueilli  de  nombreux  exemplaires  en  place  et  j'en 
ai  pu  observer  plusieurs  que  j'ai  conserve  vivants  pendant  plusieurs 
jours  dans  des  cristallisoirs.  Ces  Alcyonaires  se  trouvent,  k  mer 
basse,  enfonc^s  verticalement  dans  le  sable,  le  p^oncule  en  bas, 
Textr^mit^  ^tant  k  une  distance  de  la  surface  qui  varie  le  plus  souvent 
entre  10  et  15  centimfetres.  A  la  mar^  montante,  on  voit  pointer  Tex- 
tr^mit^  supdrieure  de  certains  individus  et  T^mersion  se  produit  sans 
doute  graduellement  jusqu'k  ce  que  toute  la  region  polypiffere  soil 
k  nu  dans  Teau  de  mer.  Toutes  les  colonies  que  I'on  retire  ainsi  du 
sable  ont  leurs  polypes  r^tract^ ;  la  p^riode  d'enfouissement  corres- 
pond vraisemblablement  pour  ces  animaux  k  une  pdriode  de  vie  un 
peu  ralentie  ou  tout  au  moins  de  repos.  Les  polypes  ne  s'^panouis- 
sent  que  dans  Teau  de  mer  oii  Tactivit^  vitale  reprend  son  intensity. 

A  plusieurs  reprises,  j'ai  rapports  au  laboratoire  improvise  que 
j'avais  installs  k  la  Evidence  du  Gouvemeur,  k  Djibouti,  des  exem- 
plaires de  ces  Alcyonaires  avec  le  sable  vaseux  oii  ils  vivent  et  j'ai  pu 
faire,  dans  ces  conditions,  quelques  experiences  int^ressantes  au  point 
de  vue  de  la  biologic  de  ces  animaux.  Je  remplissais  k  moiti^  un 
cristallisoir  avec  ce  sable,  de  fafon  k  en  avoir  une  couche  d'une  dou- 
zaine  de  centimetres  d'^paisseur  que  je  recouvrais  de  quelques  centi- 
metres d'eau  de  mer  aprfes  avoir  posd  k  la  suj'face  quelques  sp^ci- 

*  Les  plus  grands  exemplaires  rapports  par  M.  L.  Diguet  mesiirent  une 
vingtaine  de  centimetres  de  longueur.  lis  offrent  de  grandes  analogies  avec  la 
Stylatula  elongata  Verrill  trouv6e  en  premier  lieu  k  Sansol  Bay  et  k  San  Francisco. 
Les  lames  polypif  ^res  tr^s  serr6es  et  d^pourvues  enti^rement  de  spicules  comptent 
chacune  de  15  ^  18  polypes  k  calices  bien  s^par6s.  Les  aiguilles  de  leur  armature 
paraissent  ^tre  moins  longues  que  ne  I'indique  la  diagnose  d^velopp^  de  Kol- 
liker; en  effet,  les  plus  grandes  d'entre  elles  ne  d^passent  pas  sensiblement  le 
tiers  de  la  hauteur  de  la  lame  correspondante;  toutes  les  aiguilles  sont  large- 
ment  recouvertes  par  la  lame  situ^e  imm^diatement  au-dessous  d 'elles.  D 'autre 
party  les  siphonozoldes  forment  non  pas  deux  rang^es,  mais  six  ou  sept  rang^ 
tr^s  serr^  k  I'aisselle  de  la  lame  polypif^re. 
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mens  bien  intacts  et  bien  vigoureux  de  ces  Pennatulid^.  Au  bout 
d'un  quart  d'heure  environ,  on  voyait  Textr^mit^  en  pointe  mousse 
du  p^oncule  se  recourber  vers  le  bas  verticalement,  pour  p^n^trer 
dans  le  fond  solide.  L'apparence  est  la  m^me  que  celle  d'une  jeune 
racine  en  voie  de  Croissance  qui  serait  plac^  sur  le  sol  horizontale- 
ment.  La  torsion  de  la  portion  terminale  du  p^oncule  se  fait  chez 
tous  les  specimens  quelle  que  soit  la  face  en  contact  avec  le  sol  au 
bout  d*un  temps  variable,  suivant  les  individus.  Pour  s'enf oncer 
dans  ce  sable  assez  compact,  le  p^oncule,  dont  la  parol  est  moUe  et 
flexible,  doit  prendre  une  certaine  rigidity.  On  voit,  h,  travers  la  paroi 
semi-transparente  de  ce  dernier  le  liquide  de  la  cavity  g^n^rale  y 
affluer  et  produire  une  turgescence  suflSsante  pour  permettre  k  la 
pointe  de  creuser  une  petite  depression  dans  le  sol.  Cet  afflux  de 
liquide  dans  la  cavity  du  p^doncule  r&ulte  de  Tactivit^  des  fibres 
musculaires  longitudinales  qui  s'^tendent  d'une  extr^mit^  du  corps 
&  Tautre.  La  turgescence  peut6tre  maintenue  au  gr^  de  ranimal, 
grkce  h,  la  contraction  des  nbres  musculaires  que  poss^e  la  r^ion 
situ^e  imm^diatement  au-dessus  du  p^oncule  et  qui  peuvent  r^uire 
&  rien  la  cavity  qu'elles  circonscrivent  La  turgescence  n'est  pas  de 
longue  dur^e;  lorsque  son  effet  utile  s'est  produit,  le  liquide  accu- 
muie  dans  le  sac  pAionculaire  reflue  vers  Texta^mit^  oppos^e.  Je  n'ai 
d'ailleurs  observ^  aucun  rythme  dans  la  production  de  ces  ondes  qui 
se  propagent  lentement  La  penetration  dans  le  fond  sableux  exige 
du  reste  un  temps  assez  long.  Lorsque,  par  Taction  r^p^t^e  de  cette 
sorte  de  belier  constitue  par  le  pedoncule,  il  s'est  creus^  un  trou 
suffisant  pour  loger  ce  dernier,  la  partie  polypiffere  se  relfeve  peu  k 
peu  et  tout  d'une  pifece,  k  cause  de  Taxe  rigide  qui  la  soutient,  au  fur 
et  k  mesure  que  Textremite  inferieure  s'enfonce  dans  le  sol. 

Dans  Tune  de  ces  experiences  faites  le  19  Fevrier  1904,  des  exem- 
plaires  en  bon  etat,  poses  sur  le  sable  dans  les  conditions  indiquees 
plus  haut,  Jt  4  heures  de  Taprfes  midi,  avaient  leur  pedoncule  entifere- 
ment  enterre  k  7  heures  du  soir;  le  lendemain  matin,  k  6  heures,  une 
trfes  petite  partie  de  Textremite  superieure  du  rachis  restait  seule 
visible.  II  est  necessaire  que  le  niveau  de  Teau  dans  le  cristallisoir 
soit  assez  eleve  pour  que  la  region  polypiffere  reste  constanunent 
baignee..  Si  Ton  se  contente  de  placer  ces  animaux  sur  le  sable  main- 
tenu  humide,  le  pedoncule  pent  commencer  la  perforation,  mais 
Toperation  ne  se  poursuit  pas  pour  le  rachis  qui  garde  sa  position 
originelle  et  qui,  autrement,  se  trouverait  en  partie  k  sec  dfes  qu'il 
commencerait  k  se  redresser.  Si  avant  que  Tenfouissement  soit  com- 
plet,  on  abaisse  graduellement  le  niveau  de  Teau  dans  le  cristallisoir, 
de  fafon  k  mettre  k  nu  le  sommet  du  rachis,  on  voit  la  partie  vivante 
se  retracter  sous  Tinfluence  de  la  musculature  longitudinale  en  glissant 
sur  Taxe  solide  qui  demeure  k  sec.  Si  la  retraction  ne  peut  suivre 
I'abaissement  du  niveau  de  I'eau  dans  le  recipient,  la  partie  emergee 
ne  tarde  pas  k  6tre  mortifiee. 
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La  partie  la  plus  laborieuse  de  renfouissement  correspond  au 
creusement  du  trou  destine  au  p^oncule  et  k  la  region  qui  le  sur- 
monte.  C'est  le  p^oncule  qui  joue  le  r6le  essentiel  dans  cette  op^rar 
tion.  Si  on  le  sectionne  k  un  niveau  quelconque  ou  si  on  pratique 
une  entaille  dans  se  parol,  Tanimal  mutil^  reste  inerte  k  Tendroit  oii 
il  a  ^t^  pos^. 

J'ai  essay^,  k  diverses  reprises,  de  r^liser  dans  une  certaine  me- 
sure,  pour  quelques-uns  de  ces  Alcyonaires  conserves  vivants  pendant 
plusieurs  jours,  les  conditions  resultant  du  jeu  normal  des  marges. 
Dans  aucun  cas,  je  n*ai  pu  observer  de  coincidence,  d'une  part,  entre 
le  mouvement  d' ascension  de  ces  animaux  avec  Td^vation  du  niveau 
de  Teau  dans  le  r^jipient  correspondant  k  la  mer  montante  et  d'autre 
part,  entre  Tenfouissement  et  Tabaissement  graduel  de  Teau  corres- 
pondant k  la  mer  descendante.  Si  dans  les  conditions  naturelles, 
I'enfoncement  dans  le  sable  exige  autant  de  temps  que  dans  les  cir- 
constances  oii  je  Tai  observe  plusieurs  fois,  les  oscillations  du  niveau 
des  eaux  de  la  mer  n'auraient  pas  une  repercussion  immediate  sur 
les  mouvements  d'^mersion  ou  d'enfouissement  des  Alcyonaires 
dont  il  est  question  ici.  Cette  conclusion  ne  pent  d'ailleurs  kre  for- 
mula que  sous  les  reserves  les  plus  expresses.  Les  conditions  de 
Texistence  sont,  dans  la  nature,  tout  autres  que  dans  les  laboratoires. 
Un  facteur  de  la  plus  haute  importance  dans  cet  ordre  de  choses, 
c'est  la  temperature.  Malgr^  toutes  les  precautions  prises,  il  est  tr^ 
difficile  d'eviter  sans  installation  sp^ciale  et  surtout  dans  les  cllmats 
torrides  comme  celui  de  Djibouti,  Tel^vation  de  temperature  dans 
Teau  des  recipients  en  experience  et  on  sait  qu'une  variation  assez 
rapide  de  quelques  degres  suffit  k  affaiblir  singuliferement,  sinon  k 
tuer  un  grand  nombre  d'organismes  marins. 

Toutes  les  observations  concordantes  rappelees  ci-dessus  mon- 
trent  que  chez  les  Pennatulides,  tout  au  moins  chez  les  Virgularidae 
et  les  families  voisines  Stylatulidae  et  Scylaliopsidae,  les  colonies  ont 
une  motilite  beaucoup  plus  grande  qu'on  ne  le  croit  generalement. 

Dalyell  dit  que  les  Virgulaires,  de  m^me  que  la  plupart  des  ani- 
maux de  profondeur,  sont  des  animaux  nocturnes.  En  tout  cas,  j'ai 
vu  maintes  fois  des  Scytaliopsis  avec  leurs  polypes  compietement 
epanouis  dans  les  cuvettes  oii  je  les  examinais  au  microscope  et  oii 
lis  etaient  exposes,  par  consequent,  k  une  lumifere  assez  vive. 
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A  NEW  TYPE   OF  ALCYONARIAN 
J.  ARTHUR  THOMSON 

Among  alcyonarians  we  find,  on  the  one  hand,  genera  like  Den- 
dronephthya  (or  Spongodes)  with  an  enormous  number  of  species, 
some  of  which  seem  like  De  Vries's  ** ever-sporting  varieties,"  and  on 
the  other  hand,  exceedingly  distinctive  forms  standing  by  themselves. 
I  need  only  mention  such  forms  as  Heliopora,  CoraUium,  Tubipora, 
Lemnalia,  Coelogorgia,  Telesto,  Renilla.  In  the  "  Investigator"  collec- 
tion of  deep-sea  forms  from  the  Indian  Ocean,  I  have  found  several 
very  distinctive  new  types,  such  as  the  curiously  complex  Agaricoides 
which  I  have  exhibited,  described  by  one  of  my  students,  J.  J.  Simp- 
son. In  a  littoral  collection  from  the  same  ocean,  I  have  found 
more  new  types,  and  to  one  of  these  —  not  yet  described  or  studied  in 
detail  —  I  invite  your  attention  for  a  few  minutes. 

The  new  type  is  one  of  the  strangest  forms  in  a  remarkable  group. 
Picture  a  radially  symmetrical  turnip-like  or  cup-like  colony  of  a 
brown  colour,  prolonged  basally  into  a  tapering  stalk  without  any 
base  of  attachment.  The  extreme  height  up  the  centre-line  is  13.5 
centimetres,  of  which  about  5  centimetres  is  occupied  by  the  expanded 
cup  portion,  which  has  a  diameter  of  about  6  centimetres.  The  thick 
walls  of  the  cup  curve  inwards  at  the  top  and  leave  a  circular  opening 
about  3  centimetres  in  diameter.  Out  of  this  opening  there  project 
about  seventy  mamma-like  upgrowths,  varying  greatiy  in  size,  and 
bearing  numerous  polyps  which  roughen  their  whole  surface.  The 
mamma-like  upgrowths  vary  from  3.5  mm.  to  20  mm.  in  length, 
and  a  frequent  diameter  is  3  mm.  The  great  majority  form  a  thickly 
crowded  central  group  seated  on  a  dome-like  extension  of  the  core  of 
the  colony;  the  members  of  another  set  are  attached  in  several  rows 
about  5  mm.  below  the  incurved  rim  of  the  cup;  and  between  these 
two  sets  there  is  a  third  set  in  two  rows,  also  attached  to  the  wall  of  the 
cup  about  halfway  up.  The  whole  appearance  in  median  vertical 
section  may  be  compared  to  a  flower-bud  with  numerous  carpels 
on  an  elevated  thalamus,  and  surrounded  by  stamens  in  two  con- 
centric groups  attached  at  two  different  levels  to  the  cup- wall,  which 
might  be  compared  to  a  fused  perianth.  The  whole  of  the  surface 
of  the  colony  is  extremely  rough  with  long  colourless  spindles  em- 
bedded in  it  in  longitudinally-disposed  bundles  or  bunches.  The 
upper  half  of  the  wall  has  a  somewhat  regular  striated  appearance; 
the  lower  half  is  much  less  regular;  the  stalk  is  ragged  with  project- 
ing spicules  of  large  size.  The  prevailing  external  colour  k  brown 
with  a  flush  of  pink.  The  mamma-like  heads  are  dark  brown.  The 
difference  in  superficial  appearance  between  the  upper  half  of  the  cup 
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and  the  lower  portions  suggests  that  the  colony  may  have  been  em- 
bedded up  to  the  level  of  half  the  cup. 

If  we  take  one  of  the  seventy  mamma-like  upgrowths  within  the  cup 
we  find  that  it  is  practically  covered  by  about  150  closely  packed 
polyps,  which  do  not  seem  to  have  any  definite  arrangement.  The 
apex  is  occupied  by  a  single  polyp  distinctly  larger  than  the  others 
with  a  conspicuous  eight-rayed  figure  around  the  mouth,  marked  out 
by  spicules.  A  few  of  the  ordinary  polyps  show  short  pointed  trian- 
gular tentacles  with  aboral  spicules,  but  in  most  cases  the  tentacles  are 
wholly  retracted  within  the  circular  mouth  of  the  polyp.  The  out- 
side of  the  polyp  b  covered  with  spicules  for  the  most  part  longitud- 
inally disposed  and  converging  into  apical  triangles,  whose  points 
may  project  as  eight  teeth  surrounding  the  oral  aperture.  In  other 
words,  there  is  a  rudimentary  verruca,  but  not  separable  from  the 
wall  of  the  polyp.  In  most  cases  the  oral  aperture  of  the  retracted 
polyp  is  directed  towards  the  apex  of  the  spike.  A  cross  section  of  a 
polyp  spike  towards  its  base  shows  a  large  central  canal,  with  which 
the  individual  polyps  directly  communicate. 

A  median  vertical  section  through  the  thalamus  shows  numerous 
longitudinal  canals,  very  strong  muscle  bands  doubtiess  retracting 
the  spike-covered  thalamus  within  the  shelter  of  the  cup,  and  thirdly 
a  pecuUar  tissue  of  very  turgid  appearance  between  the  canab.  Where 
the  cup  narrows  into  the  stalk,  the  section  shows  about  ten  longitudinal 
canals,  but  the  total  number  is  large. 

The  canal-walls  show  very  few  spicules,  but  here  and  there 
smooth  spindles  of  various  sizes  occur.  Of  these  the  following  meas- 
urements were  taken  of  length  and  breadth  in  milUmetres :  0.9  X 
0.06;  0.55  X  0.04;  0.3  X  0.025;  0.25  X  0.02. 

The  walls  of  the  colony  are  densely  filled  with  tuberculate  spindles, 
straight  and  curved,  of  very  varied  sizes.  The  following  measurements 
were  taken  of  length  and  maximum  breadth  in  millimetres:  5  X 
0.5;  5  X  0.4;  4  X  0.45;  4  X  0.4;  4  X  0.28;  3  X  0.45;  2.5  X 
0.4;  2.5  X  0.2;  1.25  X  0.15;  1  X  0.1;  0.8  X  0.08;  0.7  X  0.07; 
0.5  X  0.05.  There  is  an  almost  continuous  gradation  from  5  X  0.5 
to  exactly  a  tenth  of  these  dimensions.  In  the  majority  the  maximum 
breadth  is  about  a  tenth  of  the  length.  Many  of  the  spindles  show  a 
sharply  bent  knee.  Almost  all  are  densely  covered  with  tubercles, 
which  are  often  compound. 

As  to  the  systematic  position  of  this  curious  type,  I  cannot  at  present 
say  more  than  that  it  is  an  Alcyonid,  and  that  it  stands  quite  alone. 
The  only  other  form  that  I  know  of  in  which  there  is  an  invagination 
of  the  polyparium  within  the  walls  of  the  colony  is  Paralcyonium, 
but  there  is  no  near  resemblance  between  the  two  types.  I  should 
like  to  call  this  interesting  type  Studeriotes,  in  compliment  to  Prof. 
Studer  of  Berne,  one  of  the  leiEtding  authorities  on  the  alcyonaria. 
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NOTE  ON  IMPROVEMENTS  IN  THE  METHOD  OF 
PRESERVING  ROTATORIA 

CHARLES  F.   ROUSSELET 

Nine  years  have  elapsed  since  I  read  a  note  on  preserving  Rota- 
toria at  the  meeting  of  the  International  Zoological  Congress  at  Cam- 
bridge, England.  During  this  time  I  have  continued  experiments  in 
various  directions,  and  made  several  improvements  in  the  details  of 
the  method  I  then  described  by  means  of  which  it  is  possible  to  obtain 
better  results,  particulariy  with  some  difficult  species. 

The  improvements  consist  in  a  better  narcotic  and  more  suitable 
manipulation  and  preservative  fluids. 

The  narcotic  which  has  been  found  to  be  more  suitable  for  Rota- 
toria is  Eucaine  Hydrochlorate  B,  first  proposed  by  Mr.  George  T. 
Harris  in  1900.  (The  Illustrated  Annual  of  Microscopy,  1900,  pp. 
28-29.)  It  is  used  in  a  1%  solution  in  distilled  water,  without  any 
other  addition,  and  added  drop  by  drop  in  the  same  way  as  pre- 
viously the  cocaine  mixtiu^.  The  solution  is  quite  stable  and  keepis 
well  indefinitely,  and  is  prepared  by  dissolving  1  gm.  of  the  nar- 
cotic in  100  c.c.  of  distilled  water. 

This  narcotic  is  very  efficacious  with  all  Rotifers,  except  only 
one  group,  namely,  the  Bdelloids,  containing  the  genera  Philodina, 
Rotifer,  and  Callidina.  Most  species  of  this  group  refuse  to  be  nar- 
cotized satisfactorily,  the  narcotic  inducing  changes  and  distortions 
which  obliterate  characteristic  features  and  render  allied  species  un- 
recognizable. A  suitable  narcotic  for  the  Bdelloids  remains,  there- 
fore, yet  to  be  discovered.^ 

The  second  improvement  consists  in  the  discovery  of  the  great 
influence  exercised  by  osmosis  and  by  slight  differences  in  the  density 
of  the  fluids  used  in  the  manipulation.  Formerly  I  recommended  to 
wash  the  fixed  animals  in  water,  but  as  the  body  fluids  of  Rotifers  is 
somewhat  denser  than  water,  many  species  with  soft  and  very  thin 
integiunent  are  unduly  distended,  which  is  not  remedied  by  subse- 
quent transference  into  formalin  solution;  indeed,  this  denser  fluid 
causes  a  reverse  action  which  may  spoil  the  specimens. 

My  endeavors  have  been  directed  to  avoid  the  effect  of  this 
osmotic  action  altogether,  and  in  some  cases  to  make  use  of  it  to 
obtain  better  results.  By  experiment  I  have  ascertained  that  the 
density  of  the  body  fluid  of  fresh-water  Rotifers  is  about  1,006  to 

>  Dr.  P.  de  Beauchamp,  in  a  paper  on  Eosphora  digitata  (1905),  has  recom- 
mended the  new  anaesthetic  Stovaine  as  giving  good  results  withi  some  species 
of  Rotifers.    I  have  not  yet  had  an  opportunity  of  trying  it. 
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1,007.  Therefore,  after  narcotizing  I  fix  the  specimens  in  a  fluid  of 
that  density  and  keep  them  therein  throughout. 

Two  preserving  fluids  are  available  for  this  purpose,  namely:  — 

7%  commercial  formalin,  density  1,006,  made  with  7  c.c.  formalin 
and  93  c.c.  distilled  water,  and  3%  formalin,  34%  glycerine,  made 
with  3  c.c.  commercial  formaUn  and  97  c.c.  distilled  water,  with 
J4  c.c.  glycerine  added;  this  mixture  has  a  density  of  1,006. 

With  some  species  of  Rotifera,  such  as  Asplanchna  and  Hyda- 
tina,  a  slight  distention  of  the  body  cavity  is  an  advantage;  but 
others,  such  as  Synchaeta,  Euchlanis,  and  the  soft  Notommata,  lose 
their  natural  shapes  with  the  least  distention. 

In  order  to  avoid  the  effects  of  osmotic  action  in  the  process  of 
fixing  I  transfer  the  Rotifers  when  sufficiently  narcotized  to  a  watch- 
glass  containing  15  to  20  drops  of  one  of  the  above  solutions  and  one 
drop  of  1%  osmic  acid  well  mixed;  here  they  can  remain  5  to  10  min- 
utes, until  a  very  slight  tinge  of  brown  stain  is  produced  in  the  organs; 
they  are  then  removed  into  two  or  three  changes  of  the  same  fluid 
without  osmic,  and  so  preserved  or  mounted  without  any  change  in 
density  of  the  fluid  or  risk  of  osmotic  action.  The  actual  strength  of 
the  osmic  acid  solution  in  use  is  rarely  known,  and  depends  very  much 
upon  the  age  of  the  solution;  the  animals  can  therefore  remain  in  this 
very  weak  fixing  bath  until  a  slight  tinge  of  brown  indicates  that 
sufficient  fixation  has  been  obtained.  No  better  fixative  than  osmic 
acid,  associated  with  formalin,  has  been  found,  for  Rotifers. 

When  dealing  with  very  delicate  species  which  show  some  shrink- 
age it  is  easy  to  dilute  the  above  preserving  fluids  by  adding  dis- 
tilled water,  thus  reducing  the  density  hy  ji,  }i',  or  j4,  as  may  be 
found  desirable.  With  Rotifers  living  in  brackish  or  sea  water  (the 
density  of  the  latter  being  1,027)  it  is  necessary  to  increase  the  den- 
sity of  the  preserving  fluids  by  adding  glycerine. 

The  following  is  a  list  of  fluids  and  their  densities  which  are  useful 
under  various  circumstances:  — 

Schering's  formalin  (commercial)  5%  density 1,005 

7%  "  .1,006 

10%  "  1,009 

"      3%  and  glycerine  M%  "  1,006 

"      3%          "                 1%  "  1006 

"      5%          "                2%  "  1,012 

''    10%          *'                3%  "  1,017 

"    10%          "                5%  "  1,020 

The  combination  of  glycerine  with  formalin  is  a  very  good  one  as 
a  preservative,  particularly  as  both  are  non-electrolites.  The  addi- 
tion of  even  a  small  percentage  of  glycerine  has  the  effect  of  increas- 
ing the  transparency  of  the  animals. 

The  improved  method  of  preserving  Rotatoria  which  I  now  advo- 
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cate  consists,  then,  in  narcotizing  slowly  with  Eucaine  hydrochlorate 
1%,  then  killing  and  fixing  with  very  weak  osmic  acid,  which  is  added 
to  the  preservative  fluid  of  known  and  carefully  chosen  density  as 
explained  above  and  then  washed  and  preserved  in  either  of  the 
following  fluids:  — 

Formalin  7%,  or  formalin  3%  and  glycerine  M%,  or  some  slight 
modification  of  the  same. 

In  my  former  note  I  gave  the  strength  of  the  preservative  fluid 
in  percentage  (rf  formaldehyde,  but  I  think  it  is  better  to  give  it  in 
percentage  of  the  commercial  formalin,  which  itself  is  nominally  a 
40%  solution  of  formaldehyde. 
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THE  LUMINOUS  ORGANS  OF  SOME  CEPHALOPODA 
FROM  THE  PACIFIC  OCEAN 

WILLIAM  E.  HOYLE 
I.   The  Eye  and  Luminous  Organ  of  Bathothauma 

LTROMMA 

The  material  on  which  this  paper  is  based  was  collected  by 
Alexander  Agassiz  on  the  "Eastern  Pacific**  cruise  of  the  U.  S. 
Fish  Commission  Steamer  "Albatross."  The  eye  of  Bathothauma 
lyromma  occupies  the  extremity  of  a  stalk  projecting  from  the  side  of 
the  head :  the  stalk  is  transparent  and  the  nerve  can  be  clearly  seen 
running  along  its  centre.  The  globe  of  the  eye  itself  is,  roughly 
speaking,  an  elongated  ellipsoid  with  the  long  axis  apparently  directed 
vertically  in  the  natural  swimming  position  of  the  animal.  It  is  about 
15  mm.  in  length  and  about  half  this  in  breadth  and  thickness.  The 
middle  of  the  outer  surface  is  occupied  by  the  projecting  lens,  which 
is  about  3  mm.  in  diameter;  it  marks  the  position  of  the  eye-ball 
itself.  The  portion  above  this  is  occupied  by  the  white  body,  which 
is  very  large  and  of  an  irregular  flattened  spheroidal  form.  Its 
structure  is  quite  typical. 

As  regards  the  eye-ball  itself,  I  have  not  yet  ipade  a  complete  ex- 
amination of  its  structure  but  may  remark  that  the  cartilaginous 
envelope  is  reduced  to  a  thin  narrow  ring  around  the  equator  of  the 
organ.  Superficially  it  has  a  definite  smooth  rim,  whilst  its  deeper 
margin  merges  gradually  into  a  thin  layer  of  fibrous  tissue :  its  thick- 
ness is  only  about  0.05  nmi.  and  it  consists  of  a,  Single  layer  of  cells. 

Beneath  the  lens  b  a  kind  of  iris.  The  central  portion  is  very  thin 
and  consists  of  two  layers:  the  upper  granular  and  loose  in  texture; 
the  deeper  compact  and  made  up  of  very  small  pigmented  celb.  This 
pigmented  layer  turns  over  at  the  edge  of  the  eye-cup  and  is  continuous 
with  the  retinal  layer  of  pigment.  The  marginal  portion  of  the  iris 
consists  for  the  most  part  of  a  double  layer  of  circular  muscle  fibres. 
This  has  a  breadth  of  nearly  3  mm.  in  the  lower  portion  and  2  mm. 
in  the  upper;  its  greatest  thickness  is  about  0.04  nmi.  The  extreme 
thickness  b  situated  in  the  lower  semicircumference  about  half-way 
from  the  edge  to  the  centre ;  passing  gradually  upwards,  the  thickest 
portion  comes  to  lie  nearer  to  the  outer  margin.  The  circular  fibres  are 
collected  into  bundles,  which  in  the  sections  present  the  appearance  of 
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an  axis  with  a  single  layer  of  fibres  arranged  in  a  pinnate  fashion  on 
either  side  of  it. 

The  structure  of  the  retina  has  not  yet  been  compared  with  that 
known  to  occur  in  other  Cephalopoda. 

Beneath  the  eye-ball  is  the  phosphorescent  organ,  which  occupies  a 
depression  close  to  the  apex  of  the  ocular  ellipsoid  above  referred  to. 
In  the  sections  it  appears  to  have  the  form  of  an  elongated  scalene 
triangle,  the  apex  being  directed  downwards  and  outwards.  Its  total 
length  is  just  over  3  mm.  and  its  greatest  thickness  0.65  mm.  It  is 
covered  by  a  very  thin  membrane,  apparently  fibrous  in  composition, 
in  which  nuclei  can  be  seen  here  and  there. 

In  the  body  of  the  organ  three  separate  portions  can  be  made  out: 

(A)  A  kind  of  cup  of  an  oblique  shape,  in  the  hollow  of  which  the 
two  other  portions  are  contained.  This  is  very  thick  in  the  deeper 
portion  of  the  organ  and  thins  away  gradually  towards  its  narrow 
ventral  edge.  Its  structure  is  not  very  well  preserved,  but  it  shows 
signs  of  being  made  up  of  scales  similar  to  those  which  compose  the 
reflector  seen  in  some  other  types  of  luminous  organs.  It  stains  rather 
deeply  with  haematoxylin.  In  the  thick  part  of  the  cup  it  passes  grad- 
ually into  the  superficial  connective  tissue  of  the  ocular  ellipsoid,  the 
connective  tissue  being  here  very  dense  and  staining  deeply.  Farther 
from  the  surface,  however,  the  connective  tissue  becomes  much  looser 
and  the  cup  is  very  distinctly  marked  off  from  it.  Where  the  cup 
thins  out  towards  the  ventral  margin  it  merges  gradually  into  the 
subjacent  connective  tissue  lying  between  it  and  the  eye-ball;  this 
connective  tissue  abo  is  densest  near  the  surface,  becomes  gradually 
more  open,  and  stains  less  deeply  where  it  rests  on  the  cartilage  of  the 
eye-ball. 

The  interior  of  the  cup  is  occupied  by  two  structures  quite  distinct 
in  their  more  characteristic  portions,  but  passing  insensibly  one  into 
the  other. 

(B)  The  material  filling  the  bottom  of  the  cup  is  a  pale  granular 
mass  without  any  very  definite  cell  boundaries,  but  with  nuclei 
scattered  in  it  here  and  there,  which  vary  in  shape  from  ovoid  to  fusi- 
form (unless  perhaps  this  apparent  difference  in  shape  is  due  to  the 
varying  angles  at  which  they  have  been  cut  by  the  plane  of  the  sec- 
tion). This  mass  is  about  0.75  mm.  in  depth,  though,  as  above  stated, 
it  has  no  definite  boundary.  I  take  it  to  be  the  source  of  light, 
chiefly  on  account  of  its  resemblance  to  the  material  in  the  centre  of 
the  ocular  organs  of  Pterygioteuthis. 

(C)  The  remainder  of  the  cup  is  filled  by  a  mass  of  substance,  in 
which  the  celb  have  become  more  and  more  elongated  and  taken  on 
the  appearance  of  fibres.  The  direction  of  these  fibres  coincides  pretty 
nearly  with  the  long  axis  of  the  organ,  but  near  the  outer  surface  they 
gradually  bend  towards  it  and  eventually  strike  it  at  an  angle  varying 
from  about  45°  near  the  base  of  the  triangle  to  about  75°  near  its  apex. 
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As  above  stated,  there  is  no  clear  line  of  demarcation  between  these 
celb  and  those  of  the  photogenic  mass.  These  latter  become  more  and 
more  fusiform  and  elongate  by  degrees  into  the  fibres  gust  described. 

n.   The  Eye  and  Luminous  Organ  of  an  Undetermined 

Cranchiid 

In  this  form,  as  in  Bathothauma,  the  eye  is  stalked,  but  the  stalk  is 
shorter  and  the  eye  is  not  so  much  expanded  as  in  that  genus,  but  is  a 
bluntly  truncated  cylinder.  The  white  body  is  almost  spherical  and  is 
situated  immediately  behind  the  eye-ball.  Beneath  the  eye-ball  is  a 
kind  of  prominent  horn  or  rounded  angle  projecting  outwards. 

This  prominence  contains  the  lununous  organ  which  b  similar  in 
general  form  to  that  just  described,  but  smaller  and  simpler  in  struc- 
ture. The  length  is  0.8  mm.  and  the  greatest  thickness  0.15  mm. 
The  cup  is  shallower  and  its  constituent  elements  do  not  stain  so 
deeply ;  its  edge  is  not  so  oblique  as  in  the  other  instance  just  described. 
The  contents  of  the  cup  are  granular  and  without  the  clear  definite 
nuclei  of  the  other  form;  they  merge  into  the  fibrous  portion,  but 
this  last  again  is  not  so  well  characterized. 

There  is  a  well-marked  patch  of  pigment  just  over  the  cup  on  the 
outer  side  near  the  bottom,  which  in  some  of  the  sections  seems  to  pass 
almost  over  the  apex. 


III.   The  Luminous  Organs  of  Ontchoteuthis 

I.  The  Posterior  Organ.  — When  the  mantle  cavity  of  Ony- 
choteuthis  is  opened,  there  at  once  attracts  attention  a  round  body, 
rather  more  than  2  mm.  in  diameter,  lying  in  the  middle  line  just  in 
front  of  the  root  of  the  gills.  It  has  a  bright  white  pearly  centre  sur- 
rounded by  a  black  ring  and  looks  remarkably  like  an  eye. 

On  transverse  sections  it  appears  that  the  black  ring  is  due  to  the 
ink-sac  which  forms  a  projection  here  and  has  a  hemispherical  de- 
pression in  which  the  organ  in  question  is  lodged.  The  luminous 
organ  itself  is  1.6  mm.  in  diameter  and  1.0  mm.  in  thickness.  It  con- 
sists of  four  portions :  — 

(A)  The  cup.  This  is  a  layer  varying  from  0.2  to  0.25  mm.  in 
thickness,  lining  the  depression  in  the  ink-sac  just  alluded  to.  It  is  a 
little  thinner  at  the  bottom  of  the  cup  than  at  the  sides  and  thins  out 
again  to  a  blunt  edge  at  the  margin  of  the  cup.  It  stains  with  moderate 
intensity  (with  haematoxylin)  and  consists  for  the  most  part  of  fibrous 
connective  tissue  closely  packed  together.  Among  the  fibres  are  nu- 
merous small  rounded  lacunae,  but  it  was  impossible  to  make  out  the 
presence  of  definite  cell  boundaries  or  nuclei.  The  tissue  appears  to  be 
much  less  dense  on  the  inner  aspect  than  on  the  outer  aspect  of  the 
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cup.  In  the  latter  situation,  too,  it  assumes  a  brownish  tinge,  as  though 
it  had  been  stained  by  the  contents  of  the  subjacent  ink-sac. 
The  interior  of  the  cup  is  occupied  by  — 

(B)  The  central  mass,  which  fills  it  up  to  a  level  of  some  0.12  mm. 
below  its  margin.  It  consists  of  a  rather  faintly  stained  granular  ma- 
terial, in  which  cell  boundaries  cannot  be  clearly  made  out,  but  which 
contains  very  many  small  spheroidal  nuclei.  Some  of  these  nuclei 
are  seen  to  lie  in  vacant  spaces,  an  appearance  which  suggests  the  pos- 
sibility that  there  may  be  cells  and  that  the  granular  material  b  an 
intercellular  substance.  PtMrther  examination  b  needed  to  settie  this 
point. 

(C)  TAcferw  forms  the  front  of  the  organ.  It  rests  upon  the  margin 
of  the  cup  and  is  nearly  1  mm.  in  thickness.  It  is  plano-convex;  the 
convex  surface  being  directed  outwards.  In  the  sections  examined  this 
surface  is  bounded  by  a  very  thin  structureless  membrane,  and  it  was 
impossible  to  make  out  an  epithelium  covering  it.  The  body  of  the  lens 
is  of  a  very  peculiar  composition.  It  consists  of  clear  structureless 
fibres,  which  stain  only  very  faintly  and  are  provided  with  abundant 
elongated  oval  nuclei.  For  the  most  part  the  fibres  have  a  wavy  course 
transverse  to  the  optical  axis  of  the  organ.  This  arrangement  holds 
good  of  the  greater  part  of  the  lens,  but  in  its  more  superiScial  regions 
it  is  much  less  regular.  The  fibres  become  more  wavy,  and  many  of 
them  are  directed  more  or  less  at  right  angles  to  the  surface.  Spaces 
are  formed  between  them  filled  with  small  nucleated  cells.  On  the 
surface  are  one  or  two  lacunae  covered  only  by  the  limiting  membrane 
above  alluded  to;  these  spaces  have  no  contents.  They  may  be  arti- 
ficial, but  this  boundary  is  very  definite  and  they  are  quite  diflferent  in 
appearance  from  other  places  where  the  membrane  seems  to  have  been 
forcibly  detached  from  the  subjacent  material.  Judging  by  compari- 
son with  the  anterior  organ,  they  would  appear  to  be  blood  vessels. 

(D)  The  intermediate  layer,  as  it  may  be  called  in  the  absence  of 
any  definite  indication  as  to  its  function,  is  a  very  remarkable  structure. 
It  is  about  0.3  mm.  in  thickness  in  the  middle  and  thins  out  towards 
the  margin,  at  first  gradually,  then  more  rapidly  where  it  lies  between 
the  cup  and  the  lens,  which  it  entirely  separates  from  each  other.  It 
stains  very  deeply,  and  is  composed  of  coarse  wavy  fibres,  whose  gen- 
eral direction  is  transverse  of  the  optical  axis  of  the  organ.  They  are 
in  marked  contrast  to  the  fibres  of  the  lens  above  described  in  the 
following  characters :  (1)  they  stain  much  more  deeply,  (2)  they  are 
much  thicker,  and  (3)  they  are  much  more  wavy.  Neither  cells  nor 
nuclei  have  been  distinguished  among  them.  This  layer  is  perforated 
by  a  considerable  number  of  canals,  which  pass  right  through  it  par- 
allel to  the  optical  axis  and  form  channels  for  a  series  of  thin  thr^uls, 
which  are  most  probably  nerves.  They  are  thin  structureless  fibrib, 
with  numerous  small  nuclei  lying  upon  them,  are  elongated  in  the 
direction  of  the  fibres  and  thus  easily  dbtingubhed  from  the  nuclei  of 
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the  tissue  in  which  they  lie.  They  pass  from  the  lens  on  the  one  side 
to  the  central  mass  on  the  other.  Their  ultimate  fate  I  was  unable  to 
ascertain,  though  I  have  succeeded  in  following  some  of  them  almost 
to  the  outer  surface  of  the  lens  on  one  hand  and  some  distance  into 
the  central  mass  on  the  other.  Besides  these  nerves  the  channeb  seem 
to  be  occupied  by  blood  vesseb,  but  these  are  more  distinct  in  the  ante- 
rior orran,  the  consideration  of  which  now  follows. 

2.  The  Anterior  Organ.  —  This  anterior  organ  differs  from  the 
posterior  in  several  respects :  it  is  not  lodged  in  a  definite  depression 
in  the  ink-sac,  but  rests  upon  the  narrowing  neck  of  it ;  the  cup  b  pro- 
portionately thicker  than  in  the  other,  and  the  central  mass  is  cor- 
respondin^y  smaller.  The  lens  has  the  rectum  and  two  rather  large 
blood  vessels  passing  over  it. 

.The  central  mass  differs  further  from  that  in  the  posterior  organ  in 
being  more  vascular ;  it  b  permeated  by  blood  vesseb  of  comparatively 
large  size,  and  branches  from  some  of  these  are  to  be  seen  passing 
through  the  intermediate  layer,  in  addition  to  the  structures  which  have 
been  above  described  as  nerves.  It  would  seem  as  though  the  central 
mass  received  its  blood  supply  in  thb  way,  for  it  has  been  impossible 
to  make  out  any  vesseb  passing  into  it  from  the  subjacent  cup. 

As  regards  the  function  of  these  different  structures  there  can  be  no 
doubt  that  the  central  mass  is  the  source  of  light;  and  the  cup  a  reflec- 
tor, and  also  that  the  lens  has  the  function  indicated  by  its  name.  It  b 
more  difficult,  however,  to  assign  a  definite  function  to  the  interme- 
diate layer.  It  may  be  a  refractive  apparatus  supplementary  to  the 
lens. 
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THE   ORIGIN   OP  THE   CHBLEROID   FISHES 
C.  TATE  REGAN 

In  a  recent  paper  on  the  Classification  of  the  selachians  ^  I  re- 
garded the  selachians  with  mixopterygia  (t.  e,,  paired  intromittent 
organs  which  are  appendages  of  the  pelvic  fins)  as  forming  three 
orders:  Ichthyotomi,  Euselachii,  and  Holocephali,  which  were 
shown  in  my  phylogenetic  scheme  as  independentiy  derived  from 
the  same  ancestral  group,  conceived  as  having  the  characters  of  the 
Pleuropterygii,  plus  the  development  of  mixopterygia. 

Bashford  Dean,  who  has  recently  written  on  the  chimaeroids' 
sees  evidences  of  relationship  between  them  and  the  cestraciont 
sharks,  and  as  I  regard  the  latter  as  rather  specialized  members  of 
the  Euselachii,  it  will  be  seen  that  this  point  of  view  is  not  in 
accordance  with  that  expressed  above. 

The  Holocephali  (or  Chasmatopnea)  may  be  placed  in  opposition 
to  the  Pleuropterygii,  Acanthodii,  Ichthyotomi,  and  Euselachii, 
which  form  the  group  Trematopnea,  from  which  they  differ  in 
certain  features  of  specialization.  The  essential  characters  of  the 
two  groups  may  be  contrasted  as  follows: 

Trematopnea  Chabmatofnea 

Gill-clefts   opening  directly  to  the         Gill-clefts  opening  into  a  chamber 

exterior.  with  a  single  external  aperture. 

Pterygo-quadrate  distinct  from  the         Pterygo-quadrate    fused    with    the 

cranium.  cranium. 

The  Chasmatopnea  are  clearly  modified  Trematopnea,  and  the 
presence  of  mixopterygia  evidences  relationship  between  the  Holo- 
cephali, Ichthyotomi,  and  Euselachii,  but  a  comparison  of  some  of 
the  essential  characters  of  these  orders  shows  that  the  first  is  not 
derived  from  either  of  the  others,  but  that  all  three  originated  from 
the  same  stock. 

Thus,  in  the  structure  of  the  pectoral  fins  the  Holocephali  are 
more  primitive  than  the  Ichthyotomi,  since  the  anterior  radials 
retain  their  attachment  to  the  pectoral  arch. 

»  Regan,  Proc.  Zodl.  Soc.,  1906,  pp.  722-758. 

'  Dean,  Chimotroid  Fishes  and  their  DevelopmerU,  1906. 
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In  many  ways  the  Holocephali  are  more  primitive  than  the  Euse- 
lachii  and  we  may  especially  note: 

Holocephali  EussLACHn 

The  hyoid  arch  is  essentially  similar  The  hyoid  arch  is  modified  in  con- 
to  the  succeeding  branchial  arches;  the  nection  with  the  suspension  of  the 
pharyngo-hyiil  is  well-developed  and  jaws;  the  pharjrngo-hyBl  is  absent  and 
the  hyoinandibular  is  not  attached  to  the  hyomandibular  is  articulated  to  the 
the  cranium.  cranium. 

The  pelves  remain  separate.  The  pelves  unite  to  form  a  single 

The  skeleton  of  the  mixopterygium      cartilage, 
consists  of  an  axial  cartilage,  wi^out         The  i^eleton  of  the  mixopterygium 
maiiginal  or  separate  tennmal  cartil-      consists  of  an  axial  cartilage  and  of  a 
ages.  pair  of  marginal  cartilages,  to  which  a 

number  of  terminal  pieces  are  articu- 
lated. 

We  may  note  that  the  cestraciont  sharks  are  true  Euselachii, 
possessing  the  above-mentioned  peculiarities,  and  that  they  are  by 
no  means  generalized  is  shown  by  the  wide  divergence  in  structure 
of  the  dorsal  and  pectoral  fins  from  the  primitive  euselachian  type 
retained  in  the'  Scyliorhinidse.^ 

An  analysis  of  the  characters  which  have  been  supposed  to  ^ve 
evidence  of  affinity  between  the  cestracionts  and  the  Holocephali 
only  gives  further  support  to  the  view  that  they  are  not  related. 

Thus,  it  has  been  asserted  that  there  are  resemblances  in  the 
dentition.  But  it  is  pretty  clear  that  the  chimseroid  tooth-plate  is 
a  compound  structure,  and  consists  of  a  number  of  series  of  teeth 
imbedded  in  a  connecting  matrix,'  a  very  different  thing  from  the 
cochliodont  tooth-plate,  which  is  formed  by  the  direct  fusion  of  the 
teeth  of  one  or  more  series. 

The  dorsal  fin-spines  of  the  Holocephali  and  cestracionts  have 
been  compared,  but  it  seems  very  improbable  that  they  are  homol- 
ogous. Tiie  cestraciont  fin-spine  appears  to  be  an  enlarged  dermal 
denticle,'  but  the  chimseroid  fin-spine  probably  results  from  the 
calcification  and  fusion  of  the  dermal  structures  of  the  anterior 
edge  of  the  fin. 

The  broad  pr»-orbital  articulation  of  the  pterygo-quadrate  with 
the  craniimi  in  Cestradon  has  been  considered  as  a  step  towards 
the  "holocephalous  "  type,  but  the  structure  of  the  hyoid  arch  shows 
that  the  condition  in  Cestradon  is  a  modified  "hyostyly,"  in  the 
chimseroids  a  modified  "protostyly."* 

»  Regan,  t.  c,  pp.  727-732,  742-743,  748. 

«  Dean,  o.  c.  pp.  118-127. 

'  Mayer  (MtUheU,  Zod.  SUU.  Neapd,  6,  1885,  p.  280),  notes  and  figures  two 
stages  in  the  development  of  the  doraal  fin-spine  m  the  Saualidte,  which  differ 
considerably  from  the  chinueroid  stages  figured  by  Dean  (o.  c.  figs.  85-92  and 
pi.  IX,  fig.  50).  so  that  embryology  bears  out  the  conclusion  formed  by  compar- 
ison of  the  adult  structures,  that  the  dorsal  fin-spines  of  ohim»roids  and  squaloids 
are  not  homologous. 

*  Dean,  o.  c,  p.  129. 
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TEAN   FISHES 

C.  TATE  REGAN 

In  the  introduction  to  the  third  volume  of  his  Catalogue  of 
Fossil  Fishes  Smith  Woodward  writes:  "As  soon  *as  six  impor- 
tant modifications  had  simultaneously  affected  the  Chondrostean 
skeleton,  another  vigorous  race  arose  and  a  new  impetus  seems  to 
have  been  given  to  variation.  These  changes  comprised  (1)  the  al- 
most complete  atrophy  of  the  upper  caudal  lobe;  (2)  the  reduction 
of  the  dorsal  and  anal  fin-rays  to  exacdy  the  same  number  as  their 
supports;  (3)  the  disappearance  of  the  infraclavicular  plates;  (4)  the 
loss  of  the  pelvic  baseosts ;  (5)  the  subdivision  of  the  hinder  expan- 
sion of  the  maxilla;  ^  and  (6)  the  withdrawal  of  the  prseoperculum 
from  its  extension  over  the  cheek."  I  quote  this  passage  because  I 
regard  the  sub-class  Teleostei  as  comprising  the  fishes  of  that  new 
race  which  arose  in  the  Upper  Permian  and  their  descendants. 

Although  some  authors  still  recognize  the  Holostei  and  Teleostei 
as  distinct  groups  they  find  no  little  difficulty  in  defining  them,  and 
in  my  opinion  it  is  undesirable  to  make  a  break  in  the  series. 

The  Teleostei  may  be  defined  then  as  teleostomatous  fishes  of 
the  actinopterygian  series  (i.  e.,  with  non-lobate  paired  fins  and  with 
the  branchiostegal  rays  typically  present  and  never  completely  re- 
placed by  a  pair  of  gular  plates)  with  homocercal  or  abbreviate 
heterocercal  caudal  fin,  with  each  dorsal  and  anal  fin-ray  inserted 
on  a  separate  endoskeletal  support,  with  the  pelvic  fin-rays  inserted 
directiy  on  the  pelvic  bones,  and  with  the  clavicle  (infraclavicle)  not 
distinct  from  the  cleithrum  (clavicle).  Before  proceeding  to  the 
classification  of  the  Teleostei  it  may  be  useful  to  discuss  the  value  of 
certain  characters  which  may  be  used  in  diagnosing  the  primary 
groups. 

It  is  often  considered  that  when  the  members  of  a  homologous 
series  are  numerous  it  is  evidence  of  generalization,  so  that  fishes 
with  a  large  number  of  vertebrae,  of  branchiostegal  rays,  of  pectoral 
pterygials  or  of  fin-rays  have  been  regarded  as  more  primitive  than 
those  which  have  a  smaller  number.    In  the  case  of  the  vertebral 

*  It  seems  more  probable  that  one  or  two  of  the  adjacent  cheek  bones  be- 
came attached  to  the  distal  extremity  of  the  maarilla,  than  that  the  latter  be- 
came sub-divided. 
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column  Boulenger  has  shown  conclusively  that  in  many  cases  a 
large  number  of  vertebrae  is  due  to  specialization  and  that  the  most 
primitive  percoids,  pleuronectids,  etc.,  are  those  with  only  twenty-four 
vertebrae.  As  a  rule  a  large  number  of  branchiostegal  rays  seems  to 
be  a  feature  of  generalization,  but  in  Salmo  and  Oncorhynchus  one 
suspects  that  tins  may  not  apply.  The  larger  number  of  pectoral 
pterygials  in  the  Apodes  has  led  some  authors  to  think  that  this 
group  cannot  be  derived  from  the  Malacopterygii,  but  the  evidence 
in  the  Anacanthini  that  the  number  of  pectoral  pterygials  has 
increased  is  so  clear,  the  most  primitive  genus,  Gadomus  (with  per- 
forate scapula),  having  only  three,  whibt  me  most  specialized,  Murae- 
nolepis,  has  ten,  that  we  need  not  attach  importance  to  this  char- 
acter in  looking  for  the  ancestors  of  the  eeb.  It  can  easily  be  shown 
that  the  dorsal  and  anal  rays  have  increased  in  number  in  various 
groups.  Boulenger  has  called  attention  to  the  importance  of  the 
number  of  rays  in  the  pelvic  fins  in  the  teleostean  fishes.  He  be- 
lieves that  a  large  number  of  pelvic  fin-rays  always  indicates  general- 
ization, and  the  facts  usually  support  tlus  view.^  The  typical  per- 
coids have  each  pelvic  fin  composed  of  a  spine  and  five  branched 
rays  and  there  is  not  a  single  instance  of  a  fish  which  can  be  regarded 
as  a  modified  percoid  which  has  a  larger  number.  Moreover,  fishes 
which  were  formerly  regarded  as  more  or  less  closely  related  to  the 
percoids,  but  which  have  a  larger  number  of  pelvic  fin-rays,  have 
been  found  to  possess  other  characters  which  show  their  lower  position. 
There  can  be  no  doubt  that  the  pelvic  fins  were  originally  ab- 
dominal in  position  and  that  in  the  course  of  evolution  they  have 
moved  forwards  until  finally  the  pelvic  bones  have  become  directly 
attached  to  the  clavicles.  In  defining  primary  groups'  the  position  of 
the  pelvic  fins  may  have  a  considerable  importance:  thus,  in  the 
Malacopterygii,  the  pelvic  bones  are  remote  from  the  clavicles,  in  the 
Anacanthini  near  the  clavicles  and  attached  to  them  by  ligament,  in 
the  Percomorphi  directly  attached  to  the  clavicles.  But  in  some 
cases  these  three  conditions  are  found  in  a  single  order,  as  in  the 
Labyrinthici  and  Berycomorphi  where  we  have: 

Pelvic  bones  remote     Pelvic  bones  at-     Pelvic  bones  directly 
Order:  from  the  day-        tached  to  the  clav-      attached  to  the 

icles:  icies  by  ligament:        clavicles: 

Labyrinthici  Ophiocephalus  Anabas  Osphromenus 

Berycomorphi  Polymixia  Holocentnim  Trachichthys 

In  most  teleosts  the  vertebral  centra  are  solid  and  co-ossified 
with  the  arches,  but  in  Amia,  the  most  primitive  type  with  complete 
centra,  the  centra  and  arches  are  quite  distinct.    The  development 

>  Since  this  was  written  I  have  become  acquainted  with  an  undoubted  in- 
stance of  specialization  resulting  in  an  increased  number  of  pelvic  fin-rays,  viz., 
the  Bomean  homalopterid  Gckstromyxon, 
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shows  that  the  bases  of  the  arches  are  abeady  cartilaginous  when  the 
tissue  between  them  and  surrounding  the  chordal  sheath  b  undiffer- 
entiated and  that  they  remain  cartilaginous  after  the  centra  have 
been  formed  by  ossification  of  this  tissue.  In  many  Malacopterygii, 
Haplomi  and  Heteromi  the  arches  and  centra  remain  distinct,  the 
ventral  arches  in  the  prsecaudal  region  being  the  last  to  lose  their 
individuality  by  co-ossification  with  the  centra.* 

The  significance  of  some  other  characters  used  in  defining  primary 
groups,  such  as  the  presence  or  absence  of  a  splenial,  an  endochon- 
dral supra-occipital  ossification,  a  mesocoracoid,  a  pneumatic  duct,  is 
so  evident  that  discussion  is  unnecessary.  The  absence  of  spinous 
fin-rays  and  the  meeting  of  the  parietab  in  the  middle  line  may  be  held 
to  indicate  generalization  (e.  g.,  Elopidse)  or  specialization  {e,  y., 
Fierasferidee)  according  to  the  group  dealt  with. 

The  method  of  arranging  the  teleostean  fishes  in  a  few  large 
primary  groups  has,  in  my  opinion,  failed,  inasmuch  as  these  groups 
are,  in  many  cases,  neither  natural  nor  definable.  I  am  therefore 
inclined  to  recognize  a  considerable  number  of  primary  groups, 
which  may  be  called  orders  of  the  sub-class  Teleostei ;  but  I  should 
like  at  once  to  say  that  whether  these  groups  are  given  a  higher  or 
lower  rank  than  orders  is  of  very  little  importance.  Some  syste- 
matists  have  a  conception  of  an  ideal  classification,  in  which  all  the 
orders  in  the  zoological  system  will  be  equivalent,  i.  e,,  equally  weU 
defined  by  characters  of  equal  value.  Thb  ideal  b  a  false  one, 
because  such  a  classification  can  never  express  the  facts  as  they 
really  are.  When  we  are  dealing  with  a  modem  dominant  group, 
as  for  example  the  fishes  of  the  order  Percomorphi,  the  arrange- 
ment and  definition  of  the  numerous  component  families  and  sub- 
families is  quite  another  problem  to  that  of  defining  and  classifying 
the  sharks  of  the  order  Pleurotremata.  These  groups  have  the 
same  rank,  but  they  are  not  equivalent,  nor  can  it  be  contended  that 
the  orders  of  mammab  are  equivalent  to  those  of  birds.  Moreover, 
whether  we  take  the  view  that  all  the  black-spotted  trout  of  the 
Pacific  slope  of  North  America  are  a  single  species  or  whether  we 
regard  them  as  belonging  to  a  large  number  of  species,  it  b  a  fact 
that  in  neither  case  b  our  species  or  trout  in  the  least  equivalent  to  a 
species  of  such  genera  as  Centropomus  or  Beryx. 

This  matter  can  be  argued  in  another  way :  the  complete  union 
of  the  lower  pharyngeab  in  Scicenoid  pogonias  characterizes  the 
genus,  in  the  Labridae  the  family,  in  the  Synentognathi  the  order; 
the  same  character  has  a  different  value  in  (Afferent  groups. 

In  my  classification  of  the  selachians  I  follow  the  plan  of  giv- 
ing appropriate  names  to  the  sub-classes  and  orders,  without  re- 

*  Gadow's  tenn  "arco-centrous,"  which  implies  that  the  centra  are  derived 
from  the  arches,  seems  to  be  the  expression  of  a  theoretical  c(Mioepti(»i  rather  than 
of  the  facts  of  the  case. 
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gard  to  the  termination,  whibt  the  names  of  the  sub-orders  are  given 
the  termination  -oidei.  The  same  method  may  be  adopted  for  the 
bony  fishes,  with  the  addition  of  the  termination  'formes  for  super- 
families  when  it  is  necessary  to  recognize  them,  a  plan  already 
foreshadowed  by  Jordan  and  Evermann,  who  speak  of  "Spariform 
Percoids"  in  their  work  on  the  Fishes  of  North  America, 


A  SYNOPSIS   OF  THE   ORDERS    OF    THE  SUB-CLASS 
TELEOSTEI* 

I.  SPLENIAL  WELL  DEVELOPED. 

ENDOCHONDRAIi. 

Vertebral  centra,  if  developed,  incomplete,  or,  at  least, 

alternating  pleuro-centra  arid  hypo-centra  in  the 

caudal  region 1.  Protospondyli. 

Vertebral  centra  complete;  no  separate  pleuro-centra 

and  hypo-centra 2.  .^hioepondyli. 

II.  NO  SPLENIAL:  A   SUPRAOCCIPITAL. 

A.   A  mesocoracoid  nsnaUy  prosent. 

No  Weberian  oesides         3.  Malacopterygii 

Weberian  ossicles  present 4.  Ostariophysi. 

«^P»  B.   No  mesocoracoid. 
1.  Physostomous.* 

a.  Body  eel-shaped;  no  pelvic  fins;  no  sep- 

arate caudal  fin. 

Prsemaxillaries  normally  developed 5.  Symbranchii. 

Prsemaxiliaries  absent,  or,  if  present,  small  and  sutu- 

rally  imited  to  the  vomer 6.  Apodes. 

b.  Body  not  eel-shaped;  caudal  fin  distinct; 

no  spinous  fin-rays* 7.  Haplomi. 

■^  '  2.  Phtsoclistic.* 

a.  No  orbitosphenoid ;    pelvic  bones,  if  present,  posterior  to 
the  clavicles  and  not  directly  attached  to  them.** 


a.  Parietals   meeting   in   front   of   the 

supra-occipital 8.  Heteromi. 

^  This  Synopsis  was  put  together  from  mv  notes  in  July,  1907,  and  has 
since  been  published  in  an  emended  and  extended  form  (Ann.  Mojg.  Nat,  Hist. 
(8)  III,  pp.  75-86,  1909),  to  which  the  reader  is  referred  for  additions  and  cor- 
rections.   C.  T.  R.    December,  1909. 

^  It  has  recently  been  shown  that  some  Cyprinodontidse  are  physoclistic. 

'  The  ChiasmodontidfiB,  which  have  a  well-developed  spinous  dorsal  fin,  are 
perhaps  related  to  the  Scopelid®.  When  their  anatomy  is  known  they  will  prob- 
ably form  a  separate  sub-order. 

*  Ber3rx  and  Holocentrum  are  said  to  be  physostomous. 

'  The  pelvic  bones  acquire  a  direct  attachment  to  the  clavicles  in  the  Os- 
phromenidffi,  which  are  shown  by  other  characters  to  be  related  to  fishes  with 
abdominal  pelvic  fins. 
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fi.  Parietals  separated  by  the  supraoodpital. 

*  Lower  pharyngeals  fully  united  .   .      9.  SynentognathL 
**  Lower  pharjmgeals  separate, 
t  Some  osseous  dermal  plates  on  the  body. 

Mouth  terminal;  jaws  with  teeth;  snout  conical  or 
tubiform ;  on  each  side  a  large  dermal  plate,  which, 
in  the  adult,  is  co>ossified  with  the  coracoid  ...     10.  Thoracostd. 

Mouth  terminal,  toothless;  snout  tubiform;  gills  pecti- 
nate; anterior  vertebrae  elongate 11.  Sc^enichUiyes. 

Mouth  terminal,  toothless;  snout  tubiform;  ^Ula 
lobate,  the  fringes  reduced  in  number  and  thidc- 
ened;  anterior  vertebrae  not  el<Nigate 12.  LophobrandiiL 

Mouth  inferior 13.  Hypoetomides. 

tt  No  dermal  armor  on  the  body. 

X  Caudal  fin  present,  homocercaL 

Anterior  rays  of  dorsal  and  anal  spinous;  no  supra- 
branchial  organ;  pelvic  fuis  without  spines,  each 

of  7  to  9  rays 14.  Salmopercs. 

A  spinous  dorsal;  no  supra-branchial  organ;  each  pel- 
vic fin  of  a  spine  and  5  branched  rays 15.  Peroesooes. 

A  supra-branchial  organ 16.  Labyrinthid. 

No  nn-spines;  no  supra-branchial  organ;  skeleton  in 

great  part  cartilaginous 17.  BialacichUiyes. 

IX  No  homocercal  caudal  fin;  no 
spinous  fin-rays  (except  some- 
times the  first  of  the  dorsal) ; 
skeleton  well  ossified    ....     18.  Anacantiiim. 

— ^  b.  No  orbitosphenoid ;  pelvis  cartilaginous,  articulating  with 
a  cartilage  which  is  embraced  by  the  clavicles;  pectoral 
pterygials  represented  by  a  cartUaginous  plate, 

19.  Chondrobrachii. 

c.  An  orbitosphenoid;    pelvic  bones  not  always  directly  at- 

tached to  the  clavicles ;  pelvic  fin-rays  often  numerous. 

Maxillary  attached  near  its  proximal  end  to  a  process 

of  tne  palatine 20.  Berycomorphi. 

Maxillary  free,  protractile 21.  Allotriognatbi.* 

d.  No  orbitosphenoid;    pelvic  bones,  if  present,  directly  at- 

tached to  the  clavicles.* 

a.   Pectoral  arch  attached  to  the  cranium. 

♦  Cranium  symmetrical ;  each  pelvic  fin  of 
a  spine  and  usually  more  than  5 
branched  rays 22.  Zeomorphi. 

**  Cranium  asymmetrical 23.  Heteroeomata. 

♦♦♦  Cranium  symmetrical ;  each  pelvic  fin  of 
a  spine  and  5  branched  rays  or  still 
further  reduced. 

*  Stylophorus  ha«  usually  been  placed  near  Trachypterus.  E.  C.  Starks  tells 
me  that  he  will  shortly  publish  an  account  of  the  anatomy  of  this  little  known 
genus,  which  he  will  make  the  type  of  a  distinct  sub-order. 

« Except  in  the  TrichiuridfiB  and  TetragonuridfiB,  in  which  the  indirect  attach- 
ment is  assumed  to  be  due  to  degeneration. 
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t  Pelvic  fins  thoracic  or  jugular;  pe- 
culiarities of  following  orders 
not  found  in  combination    .  .     24.  PercomorphL 

tt  Pelvic  fins  thoracic. 

Anterior  dorsal  modified  to  form  an  oval,  transversely 

laminated  disk,  situated  on  the  head 25.  Discocephali. 

No  ribs;  post-temporal  short,  simple,  and  suturally 
united  to  the  supra-temporal  (pterotic)  or  else  co- 
ossified  with  it;  gill-openings  reduced 26.  Plectognathi. 

# 

ttt  Pelvic  fins  iugular;  no  ribs;  post- 
temporaJ  short,  simple,  ana  sut- 
urally united  to  the  cranium; 
pectoral  pterygials  elongate; 
gill-openings  reduced 27.  Pediculati. 

fi.  Pectoral  arch  attached  to  the  ver- 
tebral column 28.  Opisthomi. 


Orders  1  and  2.    Protospondyli  and  iETHiosPONDYU 

The  teleosteans  with  a  well-developed  splenial  must  be  first  con- 
sidered and  then  are  divided  by  Smith  Woodward  into  two  groups, 
Protospondyli  and  ^thiospondyli. 

Orders  3  and  4.    Malacopterygii  and  Ostariophysi 

In  the  remaining  Teleostei  a  supra-occipital  is  present  and  the  lower 
jaw  consists  of  two  or  three  elements  only,  the  dentary  and  articulate, 
usually  with  the  addition  of  an  angulare.  The  Malacopterygii  and  Os- 
tariophysi, which  agree  in  possessing  a  mesocoracoid,  appear  to  be  nat- 
ural and  well-defined  groups  and  need  no  further  notice  here. 

The  problem  in  teleostean  classification  is  to  ascertain  the  relation- 
ships and  to  arrange  in  a  satisfactory  manner  the  fishes  which  have  lost 
the  mesocoracoid. 

Orders  5  and  6.    Symbranchii  and  Apodes 

The  eels  may  be  taken  first,  and  these  are  arranged  by  Boulenger  in 
two  sub-orders,  Symbranchii  and  Apodes.  Gill,  however,  would  re- 
move from  the  latter  the  Derichthyidse  and  Saccopharyngidse  as  sep- 
arate groups,  Carencheli  and  Lyomeri.  I  have  not  been  able  to  examine 
the  former,  but  the  latter  certainly  appear  to  be  related  to  the  Synapho- 
branchidae  and  Mursenidse,  with  which  they  agree  in  some  important 
characters,  such  as  the  reduction  of  the  suspensorium,  only  the  hyoman- 
dibular  and  quadrate  persisting. 

Order  7.    Haplobo 

Whether  the  Haplomi  is  or  is  not  a  natural  group  is  an  open  question. 
The  Galaxiidae  and  Haplochitonidss  differ  from  the  Esocidee  in  that  the 
parietals  meet  in  the  middle  line,  but  resemble  them  in  other  characters 
which  appear  to  indicate  relationship^  notably  in  the  primitive  structure 
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of  the  vertebral  column,  in  which  the  centra  are  distinct  from  the 
arches.* 

The  Dalliidce  differ  from  the  Esocidffi  in  the  peculiar  structure  of  the 
pectoml  arch,  but  resemble  them  so  closely  in  other  respects  that  they 
must  be  placed  in  the  same  order. 

The  more  generalized  scopeloids  (Aulopus)  do  not  seem  to  be  veiy 
remote  from  the  preceding  families,  and  the  relationship  of  the  Cyprino- 
dontidae  to  the  Esocidse  is  generally  recognized. 

The  anatomy  of  Stephanobeiyx  b  unknown,  but  externally  it  bears  a 
great  resemblance  to  Melamphses. 

In  my  opinion  it  is  by  no  means  certain  that  either  of  these  genera  is 
related  to  the  Berycidfie  and  when  a  study  of  the  anatomy  has  been  made 
it  may  be  necessary  to  form  a  new  order  for  the  Stephanobeiycidse  and 
Melamphaidse. 

Order  8.    HETERom 

The  discovery  of  an  intermediate  family,  the  Lipogenyidse,  has  in- 
duced Boulenger  to  unite  the  Heteromi  (Halosauridae)  and  Lyopomi 
(Notacanthidae)  of  Gill  under  the  former  name.  Comparison  of  the  skele- 
tons of  Halosaurus  and  Notacanthus  shows  that  they  are  certainly  related, 
since  they  show  agreement  in  many  ways.  The  vertebral  column  com- 
prises numerous  vertebrae;  the  centra  are  incompletely  ossified  and  in 
the  praecaudal  region  there  are  downwardly  directed  parapophyses  which 
are  not  co-ossified  with  the  centra;  a  senes  of  epineurak  is  developed. 
The  cranium  is  much  more  depressed  in  Halosaurus  than  in  Notacanthus, 
but  resembles  it  in  all  essential  features :  the  parietals  meet  in  the  middle 
line,  the  large  supra-temporal  (pterotic)  extends  forward  to  the  frontal, 
there  is  no  opisthotic,  orbitosphenoid,  basisphenoid,  or  alisphenoid,  and 
the  laterally  placed  post-frontal  extends  downwards  to  the  parasphenoid 
in  front  of  the  pro-otic.  The  pectoral  arch  in  both  genera  has  the  post- 
temporal  simple  or  ligamentous,  the  scapula  lamellar  and  imperforate, 
the  mesocoracoid  absent,  and  the  pterygials  normal. 

Boulenger  has  also  placed  the  Fierasferidae  in  the  Heteromi,  diiefly 
because  the  parietals  are  not  separated  by  the  supra-occipital.  The 
osteology  of  Fierasfer  will  be  described  further  on,  but  it  may  be  noted 
here  that  the  meeting  of  the  parietals  in  this  genus  is  certainly  a  feature 
of  specialization  and  that  its  relations  are  with  the  Ophidiicfae  and  not 
with  the  Heteromi. 

Order  9.    Synentognathi 

The  absence  of  a  pneumatic  duct  and  the  complete  union  of  the 
lower  pharyngeals  serve  to  distinguish  this  sub-order  from  the  Haplomi, 
but  a  pretty  strong  case  could  be  made  out  for  re-uniting  them,  as  the 
Scombresocidae  appear  to  be  related  to  the  Cyprinodontidae,  and  recent 
researches  have  shown  that  some  members  of  the  latter  family  are  physo- 
clistic  and  that  others  have  the  lower  phaiyngeals  suturally  united. 

>  Since  this  was  written  I  have  been  able  to  show  that  the  Galaxiids  and 
HoplochitonidsB  are  Salmonoidis,  and  I  have  arranged  the  remainder  of  tbese 
fishes  in  three  orders,  viz.,  Haplomi,  Iniomi  and  Microcyprini. 
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The  supposed  relationship  of  the  Scombresocidce  to  the  Atherinidse  is 
based  on  a  number  of  resemblances  which  do  not,  in  my  opinion,  indicate 
affinity.  The  Percesoces  are  more  specialized  than  the  Scombresocidae  in 
that  spinous  fin-rays  are  developed,  and  the  features  in  which  the  Atheri- 
nidse  approximate  to  the  Scombresocidse  appear  to  have  been  evolved 
within  the  order  Percesoces  rather  than  to  be  those  of  the  prototype  of 
the  group. 

Order  10.    Thoracostei  * 

The  dia^ostic  character  of  this  group,  which  may  be  related  to  the 
Scombresocidae,  is  the  presence  of  a  lai^e  dermal  plate  on  each  side, 
which  in  the  adult  is  co-ossified  with  the  coracoid  and  anteriorly  united 
by  suture  to  the  clavicle.  There  are  two  well-marked  divisions,  Gas- 
trosteoidei  and  Aulostomatoidei. 

Order  11.    Solenichthyes 

Apparently  related  to  the  Thoracostei,  but  on  each  side  a  series  of 
plates  takes  me  place  of  the  single  dermal  plate  of  the  latter.  The  sub- 
order is  easily  defined  by  a  number  of  additional  features,  of  which  the 
most  striking  is  the  elongation  of  the  anterior  vertebrae,  which  bear 
strong  transverse  processes  supporting  exoskeletal  plates.  There  are 
two  families,  Centriscidae  and  Amphisilidae. 

Order  12.    LoPHOBRANcnn 

This  group  appears  to  be  derived  from  the  same  stock  as  the  preced- 
ing, with  which  it  agrees  in  the  tubiform  snout,  terminal  toothless  mouth, 
and  the  presence  of  a  considerable  amount  of  dermal  armor.  Two  well- 
marked  sub-orders  may  be  recognized,  the  first,  Solenostomoidei,  show- 
ing considerable  resemblance  to  Centriscus  in  the  fin-structure.  I  have 
examined  a  specimen  of  Solenostomus.  The  membrane  bones  of  the 
pectoral  arch  are  a  trifurcate  post-temporal,  loosely  attached  to  the  cra- 
nium, a  supra-clavicle,  and  a  clavicle.  The  pterygials  are  four  in  number, 
rather  large,  but  very  thin  and  similar  to  those  of  Syngnathus  as  figured  by 
Parker.  The  praecaudal  vertebrae  have  short  transverse  processes  and 
the  caudal  vertebrae  are  much  abbreviated;  ribs  are  absent.  The  gill- 
fringes  are  reduced  in  number  and  thickened.  The  dermal  armor  is  in 
the  form  of  stellate  ossifications. 

The  Syngnathoidei  diflfer  in  a  niunber  of  features,  mostly  of  special- 
ization. The  single  dorsal  fin  has  a  short  base  but  a  comparatively 
large  number  of  rays.  The  elongate  body  b  enclosed  in  bony  rings  and 
the  head  b  capable  of  considerable  movement  in  the  vertical  plane,  the 
occipital  condyle  being  convex.  The  post-temporal  is  simple,  there  is  no 
supra-clavicle  and  the  clavicle  is  attached  to  the  expanded  transverse 
process  of  the  first  vertebra.  The  praecaudal  vertebrae  have  strong 
transverse  processes.  The  gill-fringes  are  still  further  reduced  to  a  few 
rounded  lobes  and  the  gill-openings  are  small. 

'  Following  Jungersen,  I  have  now  removed  the  Auloetomatoidei  from  the 
Thoracostei,  and  have  added  them,  as  well  as  the  Lophobranchii,  to  the  Solen- 
ichthyes. 
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Order  13.    Hypostobodes 

I  have  not  had  the  opportunity  of  making  an  extended  study  of  the 
anatomy  of  this  group,  but  I  have  ascertained  that  the  pelvic  bones  are 
quite  remote  from  the  clavicles,  and  I  suppose  that  the  rather  striking 
resemblances  to  some  of  the  Scorpsnoidei  are  not  due  to  relationship. 

Order  14.    Salmopercae 

In  the  genera  Percopsis,  Columbia,  and  Aphredoderus  the  anterior 
one  to  three  rays  of  the  dorsal  and  anal  fins  are  spinous,  the  pelvic  fins 
have  no  spines  and  are  placed  not  far  behind  the  pectorals;  each  is 
formed  of  seven  or  eight  articulated  rays. 

I  have  dissected  specimens  of  all  these  genera  without  finding  the 
pneumatic  duct  which  is  said  to  be  present,  and  in  order  that  there  should 
be  no  doubt  I  asked  Dr.  W.  G.  Ridewood  to  examine  a  specimen  of 
Columbia  iransmontana^  which  he  very  kindly  did  and  failed  to  find  any 
trace  of  a  pneumatic  duct. 

Comparison  of  the  skeletons  of  Percopsis  and  Columbia  with  that  of 
Aphredodenis  shows  that  they  are  very  closely  related.  The  vertebrae 
number  thirty  to  thirty-six ;  the  centra  are  solid  and  co-ossified  with  the 
arches;  most  of  the  prsecaudals  have  transverse  processes  to  which  the 
ribs  are  attached.  The  parietals  are  separated  by  the  supra-occipital 
and  there  is  no  orbitosphenoid ;  occipital  and  parietal  crests  are  wanting, 
but  the  frontals  and  nasals  form  a  more  or  less  prominent  median  crest; 
other  distinctive  cranial  features  are  not  evident.  The  post-temporal  is 
forked,  the  scapula  perforate,  the  mesocoracoid  wanting,  the  pterygiab 
normal,  four  in  number,  three  of  them  inserted  on  the  scapula. 

The  relations  of  the  Salmopercse  are  not  clear;  they  are  probably 
derived  from  primitive  scopeloids  such  as  the  Aulopidse. 

Order  15.    Percesoces 

The  Percesoces  may  be  defined  bv  the  presence  of  a  spinous  dorsal, 
the  abdominal  pelvic  fins  each  formed  of  a  spine  and  five  brandied  rays, 
and  the  absence  of  the  peculiarities  of  related  groups.  Contrary  to  what 
has  usually  been  supposed,  the  Polj^emidce  are  more  closely  related  to 
the  Sphyrsenidee  than  to  the  Mugilidse,  as  is  shown  in  the  subjoined 
synopsis  of  the  families. 

I.  A  lateral  line;  pectoral  fins  placed  low.  Cranial  crests  well  devel- 
oped (Polvnemidffi)  or  vestigial  (Sphyrsenidfie).  Exoccipitals 
meeting  above  basi-occipital ;  alisphenoids  meeting.  Supra- 
clavicle  moderate.  Parapophyses,  when  developed,  downwardly 
directed.  Twenty-four  vertebra. 
Pectoral  fin  normal ;  parapophyses  on  posterior  prsecaudals  only. 

1..  Sphyrsenidse 
Pectoral  fin  of  two  parts,  the  lower  of  detached  filamentous  rays ;  pteiy- 
gials  represented  by  a  plate  attached  to  the  edge  of  the  scapula 
and  coracoid;  parapophyses  from  the  third  vertebra. 

2.  Polynemids 
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II.  Lateral  line  incomplete  or  absent;  pectoral  fins  usually  placed  high. 
No  cranial  crests;  exoccipitals  separate;  alisphenoids  separate. 
Supraclavicle  small.  Parapophyses  well  developed,  anteriorly 
nearly  horizontal. 

24  to  26  vertebrse 3.  Mugilidae 

32  to  60  vertebrae 4.  Atherinidse 

Boulenger  includes  several  other  families  in  the  Percesoces.  Of  these 
the  Scombresocidffi  appear  to  me  to  be  more  correctly  placed  near  the 
Cyprinodontidee ;  the  Ammodytidse  are  certainly  allied  to  Ae  Perco- 
phidiidffi ;  the  Chiasmodontidse  is  made  up  of  three  genera,  Chiasmodus, 
rseudoscopelus,  and  Champsodon,  the  first  two  of  which  do  not  appear 
to  be  related  to  the  last  ana  none  of  them  to  the  Percesoces.  The  anat- 
omy of  Chiasmodus  and  Pseudoscopelus  is  unknown,  but  in  spite  of  the 
presence  of  a  well-developed  spinous  dorsal  I  believe  that  they  are  re- 
lated to  the  Scopelidee.  Champsodon  has  the  pelvic  fins  jugular  in  posi- 
tion and  the  pelvic  bones  directly  attached  to  the  clavicles;  the  skeleton 
indicates  relationship  with  the  Parapercididee.  The  Stromateidae  and 
Tatragonuridee,  characterized  by  the  presence  of  lateral  diverticula  of  the 
oesophagus,  paired  muscular  sacs,  with  internal  papillse  which  are  usually 
toothed,  should  probably  be  placed  in  the  Percomorphi. 

The  remaining  families  which  have  been  associated  with  the  Perces- 
oces form  the  two  next  orders. 


Order  16.    Labtrtnthici 

The  Labvrinthici  are  probably  related  to  the  Cyprinodontidae  and 
Scombresocidee,  the  absence  of  spinous  fin-rays  in  the  most  generalized 
form,  Ophiocephalus,  indicating  that  there  is  no  very  close  affinity  with 
the  Percesoces.  They  are  characterized  by  the  presence  of  a  supra- 
branchial  organ  and  bv  the  great  development  of  the  air-bladder,  which 
extends  into  the  caudal  region,  where  it  is  supported  bv  ribs. 

Boulenger  has  separated  the  Anabantidee  and  Osphromenidee  widely, 
because  in  the  former  the  pelvic  bones  are  not  directly  attached  to  the 
clavicles,  whilst  in  the  latter  the^  are. 

This  is  one  of  the  cases  which  show  that  the  fishes  with  the  pelvic 
bones  directly  attached  to  the  clavicles  do  not  form  a  natural  group. 
This  condition  has  certainly  been  attained  independently  in  several  differ- 
ent groups,  and  the  transition  from  fishes  with  pelvic  bones  remote  from 
the  clavicles  to  those  with  the  pelvic  bones  directly  attached  to  the  clavicles 
may  be  seen  in  the  present  order  in  the  series  Ophiocephalus,  Anabas, 
Osphromenus,  and  in  the  Berycomorphi  in  the  series  Polymixia,  Holo- 
centrum,  Trachichthys. 

Jordan  regards  the  Ophiocephalidse  as  degraded  Anabantidse,  but 
there  can  be  little  doubt  that  evolution  has  been  in  the  contrary  direction, 
the  former  family  showing  generalization  in  the  absence  of  fin-spines,  the 
more  posterior  position  of  me  pelvic  fins  and  the  simple  structure  of  the 
supra-branchial  organ. 
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Order  17.    Malacichthtes 

The  Icosteidse  are  a  family  of  uncertain  relationships.  The  following 
account  is  based  on  an  example  of  Icosteus  enigmcUicus.  There  are  no 
spinous  fin-rays  and  the  pelvic  fins  are  abdominal,  the  pelvic  cartilages 
being  quite  remote  from  the  clavicles.  The  skeleton  is  feebly  ossified  and 
the  supports  of  the  dorsal  and  anal  fins  are  well  separated  from  the 
neural  and  haemal  spines.  The  depressed  cartilaginous  cranium  is  pro- 
duced forwards  to  the  ethmoid  region.  The  cartilage  ossifications  are  a 
mesethmoid,  a  basi-occipital,  a  supraK)ccipital,  and  paired  prsefrontals, 
post-frontals,  supra-temporals/  alisphenoids,  pro-otics,  epiotics,  and  ex- 
occipitals;  these  are  wholly  or  partly  separated  from  each  other  by  car- 
tilage. The  small  parietals  are  separated  by  the  supra-occipital ;  on  the 
upper  surface  there  is  a  wide  cartilaginous  area  on  each  side  between  the 
parietal  and  epiotic  on  the  one  hand  and  the  post-frontal  and  supra- 
temporal  on  the  other. 

The  vertebral  column  comprises  seventy  vertebrae;  the  ribs  are  feeble 
and  sessile. 

The  post-temporal  is  simple  and  attached  to  the  epiotic,  the  lower 
fork  being  represented  by  a  ligament.  The  post-clavicle  is  long  and 
slender.  The  pterygials,  four  in  number,  are  attached  to  the  cartilagi- 
nous plate  which  contains  the  small  and  widely  separated  scapular  and 
coracoid  ossifications. 

Order  18.    Anacanthini 

The  absence  of  spinous  fin-rays,  the  large  number  of  rays  in  the  pelvic 
fins  and  the  indirect  attachment  of  the  pelvic  bones  to  the  clavicles  are 
evidences  that  the  Anacanthini  are  much  more  generalized  than  the 
ophidioids,  near  which  they  have  been  placed  by  some  authors.  They 
are  perhaps  derived  from  generalized  scopeloids,  such  as  the  Aulopidse. 

Order  19.    CHONDROBRACHn 

The  remarkable  genus  Podateles  (Ateleopus)  must  be  made  the 
type  of  a  separate  order.  There  are  no  spinous  fin-rays,  the  short 
dorsal  fin  is  placed  anteriorly,  and  the  long  anal  is  continuous  with  the 
caudal.  The  pelvic  fins  are  reduced  to  a  pair  of  filaments,  widely  sepa- 
rated and  jugular  in  position.  The  skeleton  is  principally  cartilaginous. 
The  cranium  has  a  large  fontanel  in  the  interorbital  region ;  the  parietab 
are  separated  by  the  supra-occipital.  The  scapular  and  coracoid  ossifi- 
cations are  widely  separated  by  cartilage;  the  pteiygials  are  represented 
by  an  undivided  cartilaginous  plate.  The  extremities  of  the  clavicles 
embrace  a  cartilage  to  the  lower  surface  of  which  the  pelvis  is  movably 
articulated ;  the  latter  is  a  cartilaginous  plate  with  a  pair  of  long  posterior 
cornua. 

The  Chondrobrachii  show  resemblances  to  the  Malacichthyes  and 
the  Anacanthini.  It  seems  improbable  that  they  have  evolved  from  a 
type  with  the  pelvic  bones  directly  attached  to  the  clavicles  above  the 
symphysis,  as  m  the  blennioids. 

^  When  they  are  purely  cartilage  ossifications,  as  in  the  present  case,  it  is 
perhaps  better  to  speak  of  parethmoids,  sphenotics  and  pterotics. 
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Order  20.    Bertcomorphi 

It  IS  usually  recognized  that  the  berycoid  fishes  are  very  generalized, 
as  is  shown  by  the  large  number  of  rays  in  the  pelvic  fins,  the  persist- 
ence of  the  pneumatic  duct  in  certain  genera,  and  the  abundance  of 
the  group  in  Cretaceous  times.  Starks  has  recently  shown  that  an  orbi- 
tosphenoid  bone  is  present  in  the  berycoids,  but  wanting  in  other  Tele- 
osteans  which  have  lost  the  mesocoracoid  (except  the  Allotriognathi). 
Examination  of  a  series  of  specimens  has  shown  me  that  only  the  Tra- 
chichthyidae  and  Monocentridse  conform  to  Boulenger's  definition  of  the 
Acanthopterygii  in  having  the  pelvic  bones  directly  attached  to  the 
clavicles.  In  the  Holocentridee  and  Beiycidce  the  attachment  is  by 
ligament,  and  in  the  Polymixiidae  the  pelvic  bones  are  quite  remote  from 
the  clavicles;  in  the  last-named  the  outermost  ray  of  the  pelvic  fin, 
although  simple,  is  not  spinous,  but  articulated.  In  many  species  of 
Myripristis  the  distal  part  of  the  maxillary  enters  the  gape  when  the 
mouth  is  widely  opened  and  bears  a  series  of  true  teeth,  which  are  set 
in  sockets.  In  the  Polymixiidae,  Berycidse,  and  Holocentridse  there  are 
two  supra-maxillaries,  obviously  homologous  with  those  of  the  Clupeidae. 

These  facts  lead  me  to  believe  that  the  resemblance  of  the  Cretaceous 
Clupeoids,  Ctenothrissa  and  Pseudoberyx,  to  the  beiycoids  may  be  due 
to  real  affinity,  and  that  they  may  have  belonged  to  the  group  from 
which  the  berycoid  fishes  have  evolved. 

Pempheris  and  Bathyclupea,  which  resemble  Beryx  in  the  structure 
of  the  vertical  fins,  differ  from  it  in  several  ways,  especially  in  lacking 
an  orbitosphenoid,  and  in  having  each  pelvic  fin  formed  of  a  spine  and 
five  branched  rays,  and  the  pelvic  bones  directly  attached  to  the  clavicles. 
The  so-called  pneumatic  duct  of  Bathyclupea  appears  to  me  to  be  only 
a  strand  of  ligamentous  tissue,  and  I  should  place  these  genera  among 
the  percoids. 

Order  21.    Allotriognathi 

In  a  paper  recently  read  before  the  Zoological  Society  of  London,  I 
proposed  the  name  Allotriognathi  for  a  group  of  fishes  which  are  cer- 
tainly closely  related  to  the  berycoids,  from  which  they  differ  in  the 
remarkable  structure  of  the  protractile  mouth.  Each  maxillarj'  has  an 
inner  posterior  process  similar  to  that  of  the  praemaxillary,  which  it 
underlies;  the  maxillary  processes  slide  backwards  and  forwards  on 
each  side  of  a  median  keel  on  the  vomer,  or  on  the  pne-ethmoid  carti- 
lage. In  the  berycoids  the  maxillary  is  articulated  proximally  to  the 
vomer  and  has  a  ligamentous  attachment  to  an  anterior  process  of  the 
palatine,  so  that  only  the  distal  end  moves  forward  when  the  prsemaxil- 
laries  are  protruded.  In  the  Allotriognathi  it  is  the  maxillaries  which 
are  protractile  and  which  carry  the  prflemaxillaries  forward,  whilst  the 
process  of  the  palatine  is  absent. 

I  recognize  three  sub-orders  of  the  Allotriognathi,  viz, :  Lamproidei 
(Selenichdiyes),  Veliferoidei  (Histichthyes),  and  Trachypteroidei  (Tse- 
niosomi).    These  are  characterized  in  my  paper  above  mentioned,*  but 

>  P.  Z.  S.  1907,  p.  634. 
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it  may  be  stated  here  that  in  cranial  structure  Lampiis  scarcely  dif- 
fers from  the  berycoids,  whilst  VeUfer  is  exactly  intermediate  between 
it  and  the  Trachypteridee.  On  the  other  hand,  Velifer  has  the  nonnal 
berycoid  pectoral  arch,  whilst  Lampris,  the  Trachypteridae  and  Lophotids 
depart  considerably  from  that  type  of  structure. 

The  hitherto  unique  specimen  of  Stylophdrus  in  the  British  Museum 
is  in  too  bad  condition  for  me  to  form  any  opinion  as  to  its  relation- 
ships, but  Dr.  E.  C.  Starks  tells  me  that  he  has  had  the  good  fortune 
to  secure  and  study  a  second  specimen,  and  his  forthcoming  descrip- 
tion will  be  of  great  interest. 

Order  22.    Zeomorphi 

The  Zeidse  are  evidently  an  offshoot  from  the  berycoids,  from 
which  they  differ  in  the  absence  of  an  orbitosphenoid  and  in  having  the 
reduced  lower  Umb  of  the  post-temporal  suturally  attached,  throu^out 
its  length,  to  the  cranium.  The  pelvic  bones  are  directly  attached  to  the 
clavicles,  but  the  large  number  of  rays  in  the  pelvic  fins  makes  it  im- 
probable that  ike  Zeidae  are  related  to  the  Chsetodontidse  or  Scombridae, 
as  suggested  by  Starks. 

Order  23.    Heterosomata 

The  flat-fishes  (Pleuronectidae)  form  an  isolated  group  character- 
ized by  the  asymmetri  calcranium.  Boulenger  regards  the  Eocene 
Amphistium  as  related  to  the  Zeidae  and  also  as  the  symmetric^ 
prototype  of  the  Pleuronectidae.  Consequently  he  places  the  Zeidae, 
Amphistiidae  and  Pleuronectidae  in  one  sub-order,  ZeoAombi.  We  may 
question  whether  such  an  assemblage  is  definable,  seeing  that  the  sym- 
metrical members  of  the  group  are  said  to  be  characterized  by  the 
absence  of  an  hypural  spine,  which  proves  to  be  present  in  the  pleuro- 
nectid  Psettodes,  and  presumably  was  present  also  in  the  symmetrical 
form  from  which  the  Pleuronectidae  evolved. 

Order  24.    Percomorphi 

As  here  understood  this  order  corresponds  to  the  Perciformes,  Scom- 
briformes,  Kurtiformes,  Jugulares,  Gobiiformes,  and  Scleroparei  of 
Boulenger,  after  removal  of  the  Berycidae  and  allied  families,  the  Os- 
phromenidae,  the  Batrachidae,  and  the  Podatelidae,^  and  with  the  addition 
of  the  Champsodontidae,  Ammodytidae,  Fierasferidae,  Stromateidae,  and 
Tetragonuridae. 

Six  sub-orders  may  be  recognized :  Percoidei,  Scombroidei,  Kurtoidei, 
Gobioidei,  Blennioidei,  and  Scorpaenoidei. 

The  genera  Arripis  and  Temnodon  are  connecting  links  between  the 
Serranidae  and  the  Carangidae,  which  are  closely  related  families.  In 
some  Perciformes  {e.  g.,  Liognathus)  the  caudal  peduncle  is  slender  and 
the  bases  of  the  caudal  fin-rays  are  deeply  forked.  The  Latilidae  and 
Parapercididae  are  allied  families,  and  the  pelvic  fins  are  certainly  more 

^  Since  this  was  written  I  have  examined  the  Gobieeocidie,  and  I  agree  with 
Gill  that  they  form  a  distinct  order,  Xenopterygii. 
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jugular  in  position  in  Bathymastei  than  in  Paiapercis,  although  the 
former  has  been  placed  in  the  Perciformes,  the  latter  in  the  Jugulares. 
For  these  reasons  I  unite  some  of  the  Scombriformes  and  most  of  the 
Jugulares  of  Boulenger  with  his  Perciformes  in  one  division,  Percoidei, 
equal  in  rank  to  the  Gobioidei  and  Scorpsenoidei. 

The  external  features  of  resemblance  between  Champsodon  and 
Parapercis  need  not  be  detailed,  but  it  may  be  mentioned  that  they  are 
nearly  identical  in  the  structure  and  position  of  the  fins  and  in  the  num- 
ber of  fin-rays. 

The  skeletons  agree  closely;  in  each  there  are  thirty  vertebrae 
(11  +  19),  the  ribs  are  inserted  on  parapophyses,  and  each  intemeural 
is  supported  by  a  neural  spine.  In  the  cranial  osteology  no  important 
differences  are  evident;  the  entopterygoid  is  reduced  inrarapercis  and 
absent  in  Champsodon.  In  each  the  post-temporal  is  forked  and  the 
pectoral  pterygials  number  four;  in  Parapercis  two  of  these  are  inserted 
on  the  coracoid,  in  Champsodon  only  one. 

It  has  been  stated  that  the  attachment  of  the  pelvic  bones  to  the 
clavicles  in  Champsodon  is  ligamentous,  but  they  are  certainly  directly 
in  contact  with  the  clavicles  above  the  symphysis,  and  project  beyond 
them  anteriorly,  and  if  they  are  movable  it  is  principally  because  the 
skeleton  examined  is  preserved  in  spirit.  I  am  unable  to  see  any  reason 
for  placing  this  ^nus  near  the  Atherinidse,  nor  do  I  regard  it  as  allied 
to  Chiasmodon,  m  which  the  pelvic  bones  are  far  from  &e  clavicles. 

Ammodytes  agrees  with  Percophis  in  the  form  of  the  head  and  body, 
structure  of  the  mouth,  wide  gill  openings,  etc.,  but  differs  from  it  in  the 
absence  of  a  spinous  dorsal  and  of  pelvic  fins,  the  longer  prsecaudal 
region  and  the  weaker  dentition.  Comparison  of  the  skeletons  leaves 
no  doubt  that  the  two  genera  are  related,  although  suflSciently  different 
to  be  placed  in  distinct  families.  In  both  the  vertebrse  are  numemus 
(39  +  29  =  68  in  Anmiodytes,  21  +  36  =  57  in  Percophis) ;  there  are 
no  distinct  parapophyses  in  the  prsecaudal  region,  and  the  ribs  are  sessile 
and  blade-like.  In  Ammodytes  the  anterior  epipleurals  are  attached  to 
the  ribs,  the  posterior  ones  to  the  vertebral  column  just  above  the  inser- 
tion of  the  ribs ;  in  Percophis  the  latter  condition  is  found  throughout 
the  praecaudal  region.  In  both  genera  the  basalia  of  the  dorsal-fin 
(inter-neurals)  correspond  in  number  to  the  vertebrae  below  them,  each 
being  attached  to  a  neural  spine.  In  both  Percophis  and  Ammodytes 
the  cranium  is  depressed,  the  upper  surface  is  flat  and  without  crests, 
the  orbito-rostral  position  is  elongate,  the  nasab  are  narrowly  separated 
in  the  middle  line,  the  parasphenoid  is  narrow,  and  the  basbphenoid  is 
wanting.  The  small  parietals  are  separated  by  the  supra-occipital,  and 
the  other  cranial  bones  are  normally  placed.  The  features  of  resem- 
blance in  the  hyo-palatine  and  opercular  series  of  most  importance  are 
the  appearance  of  the  maxillary  process  of  the  palatine  on  the  upper 
surface  of  the  cranium,  the  great  development  of  the  suboperculum,  and 
the  presence  of  an  inner  horizontal  ridge  on  the  operculum,  which  in 
Percophis  terminates  in  a  spine.  The  post-temporal  is  forked,  the 
supraclavicle  oblique,  the  scapula  perforate;  the  pectoral  pterygials  num- 
ber three,  one  of  which  b  attached  to  the  coracoid  in  Ammodytes  and 
two  in  Percophb. 
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Comparison  of  specimens  of  Ophidimn  and  Fierasfer  shows  that  the 
latter  differs  from  the  former  in  the  absence  of  pelvic  fins,  the  anterior 
position  of  the  vent  and  the  naked  body ;  the  two  genera  are  veiv  similar 
in  the  form  of  the  head  and  body,  structure  of  the  mouth,  dentition, 
position  of  the  fins,  etc.,  and  in  both  the  eyes  have  no  free  margins  and 
the  operculum  is  adnate  by  a  membrane  to  the  pectoral  arch  above 
the  pectoral  fin.  I  have  compared  the  skeleton  of  Brotula  with  that  of 
Fierasfer.  The  skull,  suspensorium,  and  jaws  are  very  similar  in  the  two 
genera,  but  Fierasfer  has  two  features  of  specialization:  (1)  the  meeting 
of  the  parietals  above  the  supra-occipital,  and  (2)  the  enlargement  of 
the  opisthotic,  which  extends  downward  to  the  basi-ocdpital,  as  in  the 
Anacanthini.  The  crania  agree  in  their  elongate  form,  the  absence  of 
superior  crests,  the  broad  imion  of  the  parasphenoid  with  the  frontals 
and  alisphenoids,  the  tapering  off  of  the  parasphenoid  posterioriy  into  a 
narrow  splint,  the  great  distension  of  the  basi-occipital.  In  the  suspen- 
sorium we  note  in  both  genera  the  great  breadth  of  the  hyomandibular 
and  the  reduction  of  the  operculum,  which  is  < -shaped  and  does  not 
reach  the  margin  of  the  gill-opening  owing  to  the  intervention  of  the 
suboperculum. 

The  pectoral  arch  of  Fierasfer  only  differs  from  that  of  Brotula  in  the 
reduction  of  the  lower  limb  of  the  post-temporal.  In  both  genera  the 
scapula  is  perforate,  and  only  the  uppermost  of  the  four  pterygials  is 
attached  to  it. 

In  both  Brotula  and  Fierasfer  the  vertebrse  are  numerous,  and  the 
centra  are  co-ossified  with  the  arches.  The  first  one  or  two  ribs  are 
sessile  and  much  expanded  to  support  the  muscular  anterior  part  of  the 
air-bladder;  the  remaining  ribs  are  attached  to  parapophyses. 


Order  25.    Discocephali 

The  extraordinary  modification  of  the  anterior  dorsal  fin  in   the 
Echeneididse  justifies  the  recognition  of  a  separate  order  for  this  family. 


Order  26.    Plectognathi 

Although  this  is  undoubtedly  a  natural  group,  its  members  exhibit 
so  great  a  diversity  that  considerable  subdivbion  is  necessary. 

In  a  former  paper  I  defined  the  two  sub-orders,  Balistoidei  (Sdero- 
dormi)  and  Tetrodontoidei  (Gymnodontes).  The  Balbtoidei  may  be  di- 
vided into  (1)  Triacanthiformes  (Triacanthidae)  with  prsems^laries 
protractile  and  free  from  the  maxillaries  and  with  the  peine  bones 
suturally  united  and  firmly  attached  to  the  clavicles;  (2)  Balistiformes 
(Balistidae,  Triodontidse)  with  maxillaries  attached  to  the  non-protractile 
praemaxillaries,  and  with  a  long  movable  pelvis  formed  by  co-ossification 
of  the  pelvic  bones,  and  (3)  Ostraciontiformes  (Ostraciontidse),  differing 
from  the  Balistiformes  in  having  no  pelvis,  and  in  the  large  bony  scales 
which  form  a  box-like  carapace. 

The  Tetrodontoidei  comprise  two  divisions,  viz.:  (1)  Tetrodonti- 
formes  (Tetrodontidae,  Diodontidae),  with  a  normal  caudal  fin,  with  three 
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gills  and  with  inflatable  abdomen,  and  (2)  Moliformes  (Molidee)  with 
four  gills,  and  with  the  non-inflatable  body  truncate  posteriorly,  without 
distinct  caudal  fin. 

Ordek  27.    Pediculati 

Physoclistic.  Pelvic  fins  jugular  and  pelvic  bones  directly  attached  to 
the  clavicles.  Gill-openings  restricted ;  gills  2,  2i,  or  3.  Cranium  de- 
pressed; no  orbitosphenoid ;  no  basisphenoid ;  parietals  separated  by 
the  supraoccipital.  No  ribs.  Post-temporal  short,  simple,  suturally 
united  to  the  cranium;  supraclavicle  elongate;  scapula  and  coracoid 
reduced;  pectoral  pterygials  very  elongate. 

Two  sub-orders  may  be  recognized,  viz. : 

Sub-order  I.    BATRACHorDEi 

Spinous  dorsal  normal;  epiotics  separated  by  the  supra-occipital; 
epipleurals  present ;  four  or  five  pectoral  pterygiab. 

Sub-order  II.    Lophioidei 

Spinous  dorsal,  if  present,  abnormal  in  structure  and  position ;  epiotics 
meeting  behind  the  supra-occipital ;  no  epipleurab ;  two  or  three  pectoral 
pterygials. 

Order  28.    Opisthomi 

Distinguished  from  other  Physoclists  by  the  attachment  of  the  pec- 
toral arch  to  the  vertebral  column,  far  behind  the  skull. 
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ON  THE  EVOLUTION  OF  CONTINENTS  AS  ILLUS^ 
TRATED  BY  THE  GEOGRAPHICAL  DISTRIBUTION 
OF  EXISTING  ANIMALS 

(Addrbbs) 

B.  F.  SCHARFF 

I  DESIRE  first  of  all  to  thank  the  Executive  Committee  for  the 
great  honor  they  have  done  me  in  allowing  me  to  address  you  —  an 
honor  which  is  enhanced  by  the  fact,  that  this  is  the  first  time  an 
address  has  been  deUvered  on  general  zoogeography,  this  section 
having  only  come  into  existence  during  the  last  Congress  at  Berne. 
The  title,  On  the  Evolution  of  Continents  as  IlltudrcUed  by  the  Geo- 
graphical Distribviion  of  Existing  Animals,  which  I  have  chosen, 
will  give  to  those  unacquainted  with  the  aims  of  zoogeography  an 
idea  of  the  wide  scope  of  the  subject  which  we  hope  to  £scuss  during 
the  meetings  of  this  section. 

While  Wallace*  clearly  indicated  to  us  the  true  purpose  of  the 
study  of  the  geographical  distribution  of  animab,  or  zoogeography,  he 
has,  conjointly  with  Sclater,  devoted  so  much  attention  to  the  deter- 
mination of  zoological  regions,  that  we  naturally  connect  the  names 
of  these  two  distinguished  naturalists  principally  with  the  divisions  of 
the  earth,  as  regai^ds  its  forms  of  animal  life. 

Since  the  establishment  of  these  great  zoological  regions,  the  study 
of  zoogeography  has  largely  consist^  in  discussions  on  the  value,  the 
boundaries,  or  the  subdivisions  of  the  realms  created  by  Wallace  and 
Sclater. 

Quite  recently  Osbom  *  has  urged  that  a  system  of  divisions  of  the 
globe  should  be  constructed,  which  would  connect  Uving  distribution 
with  range  in  past  time.  Others  have  argued  that  it  was  more  desira- 
ble to  direct  the  energies  of  those  interested  in  zoogeography  towards 
a  study  of  the  geological  history  of  our  globe  as  revealed  by  the 
distribution  of  living  animals  alone.    While  I  do  not  undervalue  the 

'  Geographical  DistribtUUm  of  Animals,  1876. 
«  N,  Y.  Acad,  Sci.,  13,  p.  47,  1900. 


Digitized  by 


Google 


856     Vn.    INTERNATIONAL  ZOOLOGICAL  CONGRESS 

splendid  services  rendered  to  zoogeography  by  the  labors  especially 
of  the  distinguished  American  naturalists,  Gill,  Allen,  Jordan,  Dall, 
Merriam  and  many  others,  I  wish  to-day  to  deal  only  with  the  latter 
aspect  of  this  branch  of  zoology. 

Wallace  fully  recognized  the  great  value  of  the  study  of  zooge- 
ography in  tracing  the  more  recent  geological  history  of  our  globe. 
He  went  so  far  as  to  say  that  this  enquiry  "may  reveal  to  us,  in  a 
manner  which  no  other  evidence  can,  which  are  the  oldest  and  most 
permanent  features  of  the  earth's  surface  and  which  the  newest" 
"It  may  indicate  the  existence  of  islands  or  continents  now  sunk 
beneath  the  ocean,  and  which  have  left  no  record  of  their  existence 
save  the  animal  and  vegetable  productions  which  have  migrated  to 
adjacent  lands."  * 

But  after  all  it  is  much  what  Edward  Forbes'  taught  us  ev^i 
thirty  years  before  the  appearance  of  Wallace's  great  work  on  the 
geographical  distribution  of  animals.  That  the  present  distribution 
of  animals  is  older  than  the  existing  distribution  or  land  and  water  on 
oiu*  globe,  has  forced  itself  on  the  conviction  of  almost  all  those  who 
have  taken  up  this  pursuit. 

That  we  should  make  it  the  special  aim  of  zoogeography  to  re- 
construct the  ancient  physical  features  of  the  earth's  surface  by  means 
of  the  present  distribution  of  animab,  has  been  pleaded  with  particular 
emphasis  by  Ortmann,  who,  having  adopted  the  United  States  as  his 
home,  has  already  found  many  opportunities  of  putting  his  views  to  a 
practical  test.  Others  have  come  to  the  same  conclusion.  The  names 
of  Baur,  von  Ihering,  Stejneger,  Hedley,  Eobelt,  Pibbry  and  Jacot» 
occur  to  me.    There  are  many  more. 

In  order  to  understand  the  geological  importance  of  the  present 
distribution  of  animals,  it  is  not  essential,  as  has  been  maintained  by 
some  authorities,  to  study  the  past  history  as  recorded  by  their 
fossil  remains,  though  it  may  be  desirable  to  do  so.  The  ma- 
teriab  and  data  of  the  range  of  existing  animab,  which  have  been 
accumulated  with  such  diligence  and  patience  by  systematic  zoolo- 
gists, alone  enable  us  to  draw  far-reaching  conclusions  as  to  the  past 
geological  history  of  our  earth.  We  gladly  welcome  the  aid  of  palaeon- 
tologists in  unravelling  the  more  intricate  problems  presented  by  the 
discontinuous  range  of  some  species  or  groups,  but  there  is  a  vast  field 
of  research  of  intense  interest  open  to  those  who  will  merely  map  out 
accurately  the  dbtribution  of  living  animab  within  circumscribed 
areas. 

The  object  of  this  address  was  to  make  a  few  remarks  on  the 
manner  in  which  we  have  attempted  to  trace  the  evolution  of  con- 
tinents by  means  of  the  geographical  dbtribution  of  exbting  animals. 
I  shall  not  therefore  allude  here  to  the  valuable  services  of  the  many 

»  hoc.  cit,  p.  8. 

'  QeoL  Memoirs,  London,  1, 1846. 
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distinguished  palaeontologists  and  their  work,  because  I  wish  to  limit 
my  observations  to  the  recent  fauna. 

At  the  very  outset  of  our  researches  we  are  confronted  with  a 
diflBculty  which  has  been  raised  by  Darwin.  Wallace  later  on  ani- 
madverted to  it  again.  It  is  the  current  belief  that  accidental  or 
occasional  distribution  of  animab  may  very  materially  influence  a 
faima. 

They  contended  that  most  of  the  remoter  islands  of  the  great 
oceans  were  of  volcanic  or  cors^lline  origin,  that  none  of  them  con- 
tained indigenous  mammalia,  or  amphibia,  and  that  they  were  not  the 
fragments  of  any  existing  or  submerged  continent,  but  such  as  had 
been  actually  produced  in  mid  ocean.  This  conception  implied  a 
belief  in  the  enormous  importance  of  occasional  or  accidental  dis- 
persal, since  all  such  oceanic  islands  are  supposed  to  have  been  popu- 
lated by  such  means.  It  also  favors  the  view  in  the  stability  or 
permanence  of  ocean  basins.  Yet  both  of  these  theories  are  opposed 
to  our  modem  results  of  zoogeographical  research. 

There  are  such  strictly  oceanic  islands  in  the  sense  of  Darwin  and 
Wallace,  but  many  of  what  were  formerly  believed  to  be  such  are  now 
held  to  be  actually  the  fragments  of  ancient  submerged  continents. 

Naturalists  such  as  Murray,  Blanford,  Weber,  Sarasin,  von 
Ihering  and  many  more  who  have  made  a  practical  study  in  the 
tropics  of  accidental  means  of  dispersal;  express  themselves  strongly 
against  the  "  flotsam-jetsam"  theories  so  prevalent  until  quite  recently. 
My  own  experience  in  temperate  climes  has  also  led  me  to  the  con- 
clusion that  as  a  rule  all  terrestrial  animals  progress  slowly  and  step 
by  step  on  a  land  surface,  and  that  islands  are  not  populated  to  any 
appreciable  extent  by  accidental  means  of  dispersal. 

The  fact  that  oceanic  islands  are  frequently  of  volcanic  origin 
lends  no  support  to  the  view  that  they  have  recently  risen  from  the 
floor  of  the  ocean,  for  as  Blanford  *  has  pointed  out,  if  the  whole  of 
the  African  continent  were  submerged  one  thousand  feet  beneath  the 
sea  all  that  would  remain  of  it  and  appear  above  the  waters  would  be 
a  few  volcanic  islands,  representing  the  sunmiits  of  the  highest  moun- 
tains. These  would  probably  be  poor  in  manmialian  or  amphibian 
species  or  quite  devoid  of  them.  Such  animab  do  not,  as  a  rule, 
frequent  high  volcanic  mountain  ranges. 

Although  there  is  still  this  difference  of  opinion  among  zoogeog- 
raphers,  that  while  some  argue  that  accidental  dispersal  is  of  great 
importance,  others  hold  that  its  influence  on  a  fauna  is  small,  yet  all 
agree  that  the  study  of  geographical  distribution  of  animab  b  a  most 
valuable  adjunct  to  geology. 

Now  let  us  apply  some  of  these  theories  practically  to  this  great 
continent  of  North  America.  Eastern  North  America,  that  is  to  say, 
that  part  of  the  continent  lying  east  of  the  Rocky  Mountains,  b  charac- 

^  Address,  Oed.  Soc,  London,  p.  34, 1890. 
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terized  by  the  possession  of  many  curious  and  certainly  extremely 
ancient  forms  of  animal  life  which  are  quite  unknown  in  western 
North  America,  but  which  are  related  to  species  found  in  Europe  or  m 
eastern  Asia.  That  peculiar  amphibian  Necturus,  which  retains  its 
gilb  throughout  life  and  is  confined  to  the  eastern  States,  has  its 
nearest  relation  in  Austria.  The  American  giant  salamander  (Crypto- 
branchus),  is  also  found  in  the  eastern  States.  Its  next  of  kin  inhabits 
Japan.  The  remarkable  fishes,  the  gar-pike  (Lepidosteus),  bowfin 
(Amia)  and  paddle-fish  (Polyodon)  all  hve  in  the  eastern  States  ex- 
clusively, except  one  species  of  gar-pike  which  is  known  from  Cuba 
and  Central  America.  The  newt  spelerpes  occurs  in  North  and  South 
America  and  southern  Europe,  yet  it  is  absent  from  the  western  States. 

This  curious  relationship  of  ancient  east  American  types  with 
those  of  eastern  Asia  or  Europe  rather  than  with  those  of  western 
America,  is  not  only  known  among  animab,  it  is  a  well-known  fea- 
ture among  plants.  We  must  explain  this  kinship  of  eastern  America 
with  eastern  Asia  and  Europe  by  the  assumption  that  in  a  remote 
geological  period  these  parts  of  the  world  were  connected  with  one 
another  by  land,  while  western  North  America  either  did  not  exist 
or  was  separated  entirely  from  the  east  by  the  sea.  In  these  early 
geological  times  North  America  supplied  the  rest  of  the  world  with 
a  good  many  species. 

A  union  between  the  eastern  and  western  States  must  have  taken 
place  soon  after  these  events,  for  a  mingling  of  eastern  and  western 
forms  is  distinctly  traceable  in  almost  all  the  more  modern  groups  of 
animals. 

An  interchange  of  the  North  American  and  Asiatic  faunas  oc- 
curred presumably  across  a  land-bridge  in  the  neighborhood  of  Be- 
ring Strait.  The  birds  which  invaded  America  from  Asia  required  it 
just  as  much  as  the  higher  species  of  mammab.  It  has  been  explained 
to  us  very  graphically  by  Stejneger  *  how  the  dippers,  those  interest- 
ing little  wren-like  birds  which  inhabit  the  great  western  mountain 
ranges  between  Alaska  and  Patagonia,  ^entered  this  continent  from 
northern  Asia.  He  contended  that  this  invasion  must  have  happened 
in  early  Tertiary  times  across  a  Bering  Strait  land-bridge. 

Similarly  Ortmann  ^  insisted  that  the  freshwater  crayfishes  (Pota- 
mobius)  utilized  the  same  land-connection  in  passing  from  Asia  to 
North  America,  and  that  this  event  likewise  supervened  in  eariy 
Tertiary  times. 

Among  the  mammals  too  we  can  point  to  numerous  instances  of 
species  and  genera  which  have  no  doubt  originated  in  Asia  and  have 
travelled  to  the  New  World  in  remote  times.  Some  of  these  are  evi- 
dently of  much  earlier  origin  than  others.  The  Rocky  Mountain  goat 
(Oreamnos)  is  related  to  tiie  Indian  serow  and  the  European  chamois, 

»  Smithaon,  MUceU.  CoU.,  47,  1905. 
«  Proc,  Amer.  PhUoa.  Soc.,  41,  1902. 
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but  the  genus  to  which  it  belongs  is  quite  peculiar  to  North  America. 
Its  ancestors  must  therefore  have  existed  in  the  New  World  for  a 
considerable  time,  so  as  to  enable  them  to  develop  these  generic 
distinctions. 

The  so-called  American  elk,  or  wapiti  deer  (Cervus  canadensis),  is 
so  very  closely  allied  to  the  Asiatic  red  deer  that  it  may  be  looked 
upon  as  a  comparatively  recent  immigrant.  We  know  that  neither 
the  goat  nor  the  deer  have  originated  from  truly  American  ancestors, 
because  they  occupy  quite  isolated  positions  among  the  New  World 
mammalia. 

We  conclude  from  such  factors  as  these  that  the  land-bridge 
across  Bering  Strait  persisted  for  long  ages,  possibly  throughout 
more  than  one  geological  period. 

The  influences  of  a  iSouth  American  infusion  of  species  make 
themselves  felt  to  the  extreme  northwest  of  North  Amenca  as  far  as 
Alaska.  South  American  animals  now  can  pass  freely  northward 
throu^  Central  America,  but  this  condition  cannot  have  obtained 
for  a  great  length  of  time.  The  junction  of  North  and  South  America 
b  a  comparatively  modem  event,  geologically  speaking.  It  is  possible 
even  to  arrive  at  an  estimate  of  (he  duration  of  this  land-connection. 
The  southern  species  alluded  to  are  much  more  numerous  in  the  west 
than  in  the  east  of  North  America.  It  is  probable,  therefore,  that  the 
land-connections  between  the  two  continents  were  of  the  same  nature 
for  some  time  past  as  they  are  at  present. 

The  West  Indian  Islands  appear  to  have  been  formerly  joined  to 
one  another.  From  a  study  of  the  operculate  land  molluscs  of  the 
West  Indies,  Simpson  *  concludes  that  their  present  distribution  can 
only  be  explained  by  the  assumption  of  a  former  extended  land  sur- 
face in  that  region  and  its  subsequent  splitting  up  into  numerous 
blands. 

If  we  pass  to  South  America,  there  also  the  geographical  distribu- 
tion of  animab  has  afforded  a  good  deal  of  material  for  speculations 
on  the  gradual  evolution  of  that  continent.  Von  Ihering,'  who  has 
particularly  identified  himself  with  researches  on  the  origin  of  South 
America,  commenced  his  studies  with  the  freshwater  fauna  and 
extended  them  subsequently  to  ants  and  to  vegetation.  As  the  result 
of  these  enquiries  he  was  led  to  the  conclusion  that  South  America 
must  be  divided  into  two  great  subregions  which  he  called  "Archi- 
plata  "  and  "Archamazonia."  The  former  comprises  Chile,  the 
Argentine  States,  Uruguay  and  southern  Brazil,  the  remainder  of 
the  continent  constituting  the  other  subregion.  These  two  subre- 
gions, he  maintains,  must  have  been  separated  during  the  greater 
part  of  the  Tertiary  era. 

*  Proc.  U.  8.  Not.  MuB,,  17,  1894. 

3  Arch,  f.  Naturge9ch.,  1893;  Berliner  ErU.  Zeiteckr.,  39,  1894:  Engler'e  BoL 
Jahrbiicher,  17,  1893. 
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The  freshwater  crayfishes  were  utilized  by  Ortmann  ^  in  the  solu- 
tion of  rtie  same  problems,  and  he  believed  that  the  history  of  South 
America  was  still  more  complex  than  von  Ihering  supposed.  In 
Jurassic  and  lower  cretaceous  times  it  consisted,  according  to  him.  of 
"Archiplata/*  including  Guiana.  In  the  upper  cretaceous  period 
Guiana  became  separated  from  Brazil  by  an  interoceanic  connection 
across  the  Amazon  valley.  At  the  end  of  the  Cretaceous  and  chiefly 
•  during  the  Eocene  Archiplata  became  united  with  the  Chilean  coast 
range  by  the  elevation  of  the  Cordilleras,  and  also  by  way  of  Peru 
and  Ecuador  with  Central  America.  Not  till  the  middle  of  the  Ter- 
tiary era  was  South  America  joined  to  North  Amenca. 

Ortmann  argues  that  Central  America  with  the  Antilles  and 
Venezuela  existed  as  a  continental  mass  up  to  the  end  of  the  creta- 
ceous. Being  originally  separated  from  North  America  it  became 
united  with  it  in  upper  cretaceous  times.  This  land  mass  was  after- 
wards broken  up,  by  the  formation  of  the  Caribbean  Sea,  into  a 
northern  part  joined  to  North  America  and  a  southern  united  to  South 
America,  both  parts  being  separated  by  an  old  tertiary  interoceanic 
connection  between  the  Pacific  and  the  Atlantic. 

These  were  by  no  means  the  only  changes  that  affected  South 
America.  Evidences  are  fast  accumulating,  as  our  knowledge  of 
systematic  zoology  increases,  that  South  America,  or  at  any  rate  the 
component  parts  which  now  form  that  continent,  were  once  joined  to 
other  land  masses  to  the  east,  west  and  south  of  it. 

It  is  more  than  forty  years  9ince  Andrew  Murray  *  advanced  the 
theory,  based  on  a  study  of  the  beetles,  that  West  Africa  and  Brazil 
had  once  been  united  by  land.  Although  Wallace  strenuously  op- 
posed this  contention,  an  ancient  land-bridge  from  South  America 
to  Africa  explains  the  faunistic  relationship,  which  undoubtedly 
exbts  between  the  two  continents,  in  a  much  more  satisfactory  man- 
ner than  any  other  hypothesis. 

On  general  grounds  it  has  received  the  strong  support  of  von 
Ihering,^  while  Lydekker  ^  makes  use  of  the  manunab  in  his  evidence 
in  favor  of  this  view.  Although  Gill  *  does  not  speak  of  an  actual 
land-connection  between  the  two  continents,  he  maintains  that  their 
fish  fauna  was  derived  to  some  extent  from  a  common  source.  More 
recently,  however,  Boulenger,"  after  mature  consideration,  adopts 
GUnther's  view  that  part  of  the  African  fish  fauna  had  travelled  across 
from  South  America  by  an  Atlantic  land-connection.  That  a  coast- 
line stretched  right  across  the  mid  Atlantic,  appears  to  Sclater  ^  and 

*  Proc.  Amer.  Philos,,  Soc,,  41,  p.  364,  1902. 
»  Trans,  Linn.  Soc,,  23,  1862. 

•  Loc.  cit. 

*  Oeograph,  History  of  Mammals,  1896. 

•  Science,  42,  1900. 

«  Address  ZoOl.  Sect.,  Brit.  Assoc,  Report,  1905. 
'  Geography  of  Mammals,  1899. 
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to  Osbom  ^  probable  from  the  distribution  of  the  marine  mammab, 
while  Gradow'  suggests  that  such  a  geographical  condition  would 
explain  many  puzzles  in  the  distribution  of  reptiles  and  amphibians. 
Kobelt'  advocates  the  existence  of  a  former  land-bridge  between 
America  and  Europe  from  a  study  of  the  moUuscan  fauna,  but  he 
does  not  believe  in  the  more  southern  one,  in  favor  of  which  von 
Ihering*  adduces  especially  the  relationship  of  the  freshwater  mol- 
luscs of  South  America  to  those  of  Africa.  A  study  of  the  Pedipalpi 
and  Solifugae,  two  great  groups  of  the  Arachnida,  led  Pocock  *  to  the 
belief  that  certain  elements  in  the  South  American  fauna  may  have 
come  from  South  Africa.  The  geographical  distribution  of  a  family 
of  moths  (Ceratocampidae)  has  been  utilized  by  A.  T.  Packard  ®  and 
that  of  a  family  of  freshwater  crabs  (Potamonidae)  by  Ortmann  ^  in 
demonstrating  the  former  presence  of  this  same  land-bridge  across 
the  Atlantic  Ocean.  PfefTer®  is  almost  alone  among  modem 
zoologists  who  have  paid  special  attention  to  the  relationship  between 
the  faunas  of  these  two  continents,  in  denying  that  there  is  any  reason 
for  the  assumption  that  they  have  formerly  been  united  by  land. 

The  general  consensus  of  opinion,  in  which  I  readily  join,  is 
greatly  in  favor  of  this  theory.  It  has  recently  received  a  valiant 
champion  from  the  botanical  standpoint,  in  Engler,*  who  thus  vindi- 
cated the  position  taken  up  long  ago  by  von  Ihering  *®  in  explaining 
the  floristic  relationship  beween  the  two  continents. 

That  the  South  American  fauna  was  also  akin  to  that  of  far  dis- 
tant New  Zealand  first  gave  rise  to  the  theory  of  a  former  Antarctic 
continent,  and  this  hypothetical  land-connection  has  been  discussed 
by  quite  a  number  of  zoologists.  Ortmann  "  has  given  a  careful 
review  of  these  discussions  and  enumerated  the  authors  who  took 
part  in  them,  so  that  in  this  short  address  it  is  not  necessary  to 
allude  to  them  all  again. 

This  view  that  the  Australian  region  had  formerly  been  connected 
with  South  America  by  means  of  a  southern  land-bridge  appears  to 
have  been  first  promulgated  by  Sir  Joseph  Hooker.  More  recently 
RUtimeyer  advanced  a  similar  hypothesis  and  first  mentions  an 
Antarctic  continent.  The  latter  assumed  in  1872  a  more  definite 
shape  when  F.  W.  Hutton  "  wrote  his  well-known  essay  on  the  geo- 

*  hoc.  cU, 

»  Proc.  Zo6l.  Soc.,  2,  1905. 

»  Nachrichtsbl.  d.  d.  Malakoz,  GeaeUsch,,  19,  1887. 

*  Loc.  cit. 

«  Natural  Science,  1899. 
«  Science,  19,  1904. 
Loc  dt 

•  Zodl.  j'ahrb.  (Suppl.),  2,  1905. 

•  SiU.  d.  Preusa.  Alcad.  d.  Wise,  (phya,  math.  CI),  6,  1905. 
»o  Engler'a  Bot.  Jahrbiicher,  17,  1893. 

"  American  Nqturaliat,  35,  1901. 

"  Trana.  &  Prpc.  NeuhZealand  Inst,,  5,  1872. 
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graphical  relations  of  the  New  Zealand  fauna.  Opposed  by  Wal- 
lace»  he  abandoned  his  theory  for  a  time,  but  once  more  returned  to 
it  in  1905.* 

Von  Ihering '  accepted  the  Antarctic  land-connection,  while  H.  0. 
Forbes '  first  published  a  map  clearly  indicating  in  what  manner  he 
conceived  South  America  to  have  been  joined  to  Australia,  New 
Zealand  and  Madagascar.  Hedley  ^  reduced  this  great  land  surface 
to  a  narrow  strip  between  Australia  and  South  .^erica,  while  Os- 
bom's'  conceptions  are  somewhat  intermediate  between  those  of 
Forbes  and  Hedlev. 

That  a  land-bndge  existed  between  South  America  and  Australia 
seems  to  Pocock*  to  be  favored  by  the  fact  of  the  occiurence  in 
Australia  of  the  scorpion  Cercophonius,  which  belongs  to  a  typically 
neotropical  family.  Carpenter^  adduces  evidence  fit>m  the  minute 
coUembola  and  Kolbe^  from  some  groups  of  beetles.  Beddard* 
alludes  to  the  importance  of  the  earthworms,  whose  distribution  seemed 
to  him  to  point  to  a  former  connection  between  Patagonia  and  New 
Zealand,  and  this  suggestion  has  recently  been  further  developed  by 
Benham,"^  who  favors  a  similar  view. 

According  to  Henry  Woodward  "  the  flora  characteristic  of  the 
Southern  Hemisphere  fully  confirms  the  conclusions  derived  from  a 
study  of  the  fauna  and  establishes  the  former  existence  of  extensiye 
land-connections  between  the  southern  continents  in  the  Antarctic 
regions. 

When  Button "  temporarily  abandoned  the  theory  of  a  former 
Antarctic  continent  in  1884,  he  still  adhered  to  the  opinion  which  be 
had  advocated  that  a  land-bridge  must  have  existed  between  South 
America  and  New  Zealand.  But  instead  of  constructing  his  bridge 
across  the  south  polar  regions,  he  chose  the  southern  Pacific  Ocean. 
He  suggested  that  during  the  lower  cretaceous  period  a  large  Pacific 
continent  had  extended  from  New  Guinea  to  Chile,  sending  south, 
from  the  neighborhood  of  Fiji,  a  peninsula  that  included  New  Zea- 
land. He  supposed  this  continent  to  have  gradually  sunk  in  upper 
cretaceous  times. 

A  few  years  later  von  Ihering  ^  once  more  returned  to  this  theory 

»  Nature,  72,  1905. 

»  Trans,  <&  Proc.  New-Zealand  Inst,,  24,  1891. 

•  Roy,  OeoffT,  Soc,  (SuppL),  3,  1893. 
«  Proc,  R,  Soc,  N,  8,  Walee,  1895. 

■  Science,  1900. 

•  NaJtural  Science,  4.  1894. 

»  Proc,  Roy,  Soc.  Edinburgh,  26,  1906. 

•  Zodl,  Jahrhiicher  i8upjp\,\S,  1905. 

•  Zodgeoffravhy,  Cambridge,  1895. 

^  Presid.  Aadrcss,  Rep,  Auetralanan  Aeeo,,  1902. 
"  Trans,  Norfolk  <k  Norwich  Nat  Soc,,  7,  1903. 
"  Ann,  <fc  Mag,  Nat,  Hist,  (5),  13,  1884. 
^  Trans,  New  Zealand  Inst,,  24, 189L 
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and  warmly  supported  Hutton's  Pacific  continent  on  general  zoologi- 
cal grounds.  He  further  elaborated  his  thesis  in  a  paper  on  the  ants 
of  Rio  Grande  do  Sul.^ 

The  belief  in  the  former  existence  of  a  great  Pacific  continent  met 
with  the  most  enthusiastic  advocate  in  the  late  Professor  Baur,'  who 
adduced  many  striking  distributional  facts  in  its  favor.  Unfortunately, 
before  he  had  completed  his  researches  he  came  to  an  untimely  end, 
and  we  are  ignorant  of  his  conception  in  regard  to  this  continent. 
The  theory  arose  in  connection  with  his  researches  on  the  origin  of 
the  Galapagos  Islands  which  he  had  been  investigating,  and  whose 
fauna  and  flora  he  endeavored  to  show  had  reached  them  by  means 
of  a  land-bridge  from  Central  America.  Benham '  recently  pointed 
out  that,  while  not  actually  approving  of  it,  he  thought  the  distribu- 
tional facts  lent  a  certain  amount  of  support  to  Baur's  theory.  From 
a  conchologicaVpoint  of  view  Pibbry  *  b  opposed  to  Baur's  specula- 
tions in  so  far  as  he  considers  the  Pacific  continent  to  be  much  more 
ancient  than  late  Mesozoic.  He  thinks  that  the  Polynesian  Islands 
represent  the  remnant  of  a  palaeozoic  or  perhaps  early  mesozoic 
continent  which  had  no  connection  either  with  America  or  Australia. 

That  the  Galapagos  Islands  are  of  a  truly  continental  nature,  and 
not  oceanic,  as  Darwin,  Wallace  and  others  believed,  b  a  supposition 
which  seems  to  be  gaining  ground  more  and  more.  It  has  met  with 
the  approval  of  several  zoologists  who  have  investigated  the  problem, 
among  them  Ortmann*  and  Gadow.'  Rothschild  and  Hartert'  as- 
sume a  neutral  attitude. 

The  hypothesis  of  a  former  Pacific  continent,  whether  connected 
or  unconnected  with  other  continental  masses,  has  not  received  gen- 
eral acceptance.  The  arguments  advanced  in  its  favor  by  Pilsbry 
ap]>ear,  no  doubt,  weighty,  yet  others  who  have  vbited  the  Pacific 
islands  and  studied  the  means  of  occasional  transport  of  species  on 
the  spot,  notably  Hedley,®  contend  that  the  fauna  and  flora  of  these 
islands  have  reached  them  in  that  manner.  They  dbbelieve  that  there 
is  sufficient  evidence  of  a  former  Pacific  continent  in  the  present  dis- 
tribution of  the  bland  faunas. 

But  while  Hedley  denies  the  former  exbtence  of  a  continent  such 
as  has  been  described  by  Hutton,  Baur  and  von  Ihering,  he  urges, 
chiefly  from  a  study  of  the  land  molluscs,  that  New  Zealand  was 
joined  in  the  north  to  New  Caledonia,  the  New  Hebrides,  the  Solomon 
Islands  and  New  Guinea,  which  again  formed  part  of  northern  Aus- 

*  Berl  Ent.  Zeitachr.,  39,  1894. 

*  American  Naturalist,  31,  1897. 

«  Proc.  Acad,  Nat.  8c.  Philad.,  1900. 
■  Loc.  dt. 

»  Novitaka  Zodl,  6,  1899. 

*  Proc.  Lirm.  Soc.  N.  8.  Waies,  1899. 
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tralia,  and  that  even  the  Fiji  Islands  belonged  to  this  immense  tract 
of  land. 

That  Australia  itself  included  three  different  faunal  elements  was 
first  demonstrated  by  Hedley,*  his  view  being  subsequently  adopted 
by  Baldwin  Spencer.'  One  of  these  elements  which,  according  to 
Hedley,  has  its  seat  principally  in  the  southwest,  probably  contains 
the  most  ancient  forms  of  animal  life  in  Australia.  The  next,  sup- 
posed to  be  of  Antarctic  origin,  is  believed  to  have  overrun  Australia 
by  way  of  Tasmania,  which  countries  were  then  connected  with  one 
another.  The  third  group  of  animals  came  from  the  north.  As 
might  be  expected,  it  is  chiefly  represented  in  Queensland. 

It  would  seem  then  as  if  AustraUa  formerly  had  two  distinct  con- 
nections, with  the  Antarctic  continent,  —  one  by  way  of  Tasmania  and 
the  other  by  means  of  New  Guinea,  New  Caledonia  and  New  Zealand. 

As  the  fauna  of  Australia  becomes  better  known,  ^e  shall  be  able 
to  trace  its  origin  with  greater  precision.  Some  difference  of  opinion 
still  prevails  as  to  the  comparative  ages  of  the  two  land-connections. 
Hedley  maintains  that  the  New  Caledonia  and  New  2^1and  land- 
bridge,  represents  the  older  of  the  two  routes  of  migration,  while 
Benham '  argues  that  it  is  much  more  recent  than  the  Tasmanian 
one. 

Within  recent  years,  it  has  been  shown  that  Australia  must  have 
been  joined  to  Asia  by  land.  This  land-bridge  existed,  no  doubt,  in 
rather  remote  times,  probably  towards  the  close  of  the  Secondary 
era,  and  became  broken  up  perhaps  during  the  eocene  period. 

Wallace  ^  acknowledged  that  the  Asiatic  mainland  extended  as  far 
to  the  southeast  as  Borneo  within  comparatively  recent  times,  and  that 
a  large  tract  of  country  had  since  sunk,  so  as  to  produce  the  present 
configuration  of  the  Indo-Malayan  region.  He  was  particularly  im- 
pressed by  the  apparent  sharp  line  of  demarcation  in  the  faunas 
between  the  small  islands  of  Bali  and  Lombok,  and  assumed  that  the 
latter  were  separated  by  a  marine  channel  of  great  depth.  It  has  now 
been  clearly  established,  however,  by  Weber,*  that  no  such  deep 
channel  intervenes  between  these  islands,  and  that  their  faunas  are  by 
no  means  so  distinct  as  Wallace  supposed. 

The  faunistic  relationship  of  the  numerous  islands  of  the  great 
Indo-Australian  archipelago  and   their  geological   history  is  being 
'  energetically  worked  out  at  present  with  the  aid  of  the  geographical 
distribution  of  animab. 

Since  Wallace's*  classic  investigations  in  this  archipelago,  fore- 
most in  importance  from  our  point  of  view  are  the  researches  of  the 

•  Proc.  Austral.  Assoc,  Adv.  <Sci.,  1893. 

•  Rep.  Horn  Sd.  Exped.,  1,  1896. 
■  Loc.  cU. 

•  Loc.  cit. 

•  Der  indo-austral.  ArchipeL  &  d.  Geschichte  seiner  TiertveU,  Jena,  1902. 

•  The  Malay  Archipelago,  1869. 
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two  Sarasins.*  Their  remarkable  work  on  the  geological  history  of 
the  island  of  Celebes,  based  on  animal  distribution,  may  truly  serve 
as  a  model  to  those  prepared  to  devote  themselves  to  pursuits  of  a 
similar  nature.  From  the  time,  in  the  dawn  of  the  Tertiary  era, 
when  the  island  was  still  submerged  by  the  sea,  they  trace  its  gradual 
evolution,  the  geological  history  of  its  immigrants,  and  its  final 
separation  from  other  land  masses.  They  show  that  though  Celebes 
was  connected  with  Australia  by  way  of  New  Guinea,  westward  with 
Java,  Sumatra  and  the  Malay  peninsula,  and  also  northward  with  the 
Philippine  Islands,  the  Strait  of  Macassar  always  separated  it  directly 
from  Borneo. 

The  continent  of  Asia,  like  that  of  Africa,  contains  zoogeographical 
problems  of  the  greatest  importance.  Their  solution  will  eventually 
help  us  to  verify  certain  conclusions  we  arrived  at  with  regard  to  the 
other  continents.  A  great  field  for  further  study  still  awaits  the 
zoologist  here. 

We  know  that  northeastern  Asia  was  joined  to  North  America. 
That  Japan  is  faunistically  composed  of  three  different  elements  has 
been  demonstrated  by  Jacobi.^  One  of  these  is  endemic,  while  the 
two  others  reached  the  area  by  immigration  when  Japan  was  con- 
nected with  southern  lands  and  westward  with  the  mainland. 

To  what  extent  the  interior  of  Asia  was  flooded  by  the  sea  and 
what  other  oceans  the  latter  was  linked  to  are  problems  which  have 
not  yet  reached  a  satisfactory  solution  from  a  zoogeographical  point 
of  view.    Only  India  and  Ceylon  have  received  more  careful  attention. 

The  fact,  according  to  Blanford,'  that  the  Indian  peninsula  has 
never  been  submerged,  is  of  the  greatest  interest  and  plays  an  im- 
portant role  in  considering  the  aflSnity  of  its  fauna  with  those  of  other 
regions.  Ceylon,  no  doubt,  was  united  with  the  mainland  during,  at 
any  rate,  part  of  Tertiary  times. 

The  problem  of  the  former  extension  of  Asia  in  a  southwestward 
direction  has  formed  the  subject  of  special  investigations.  The 
presence  in  Ceylon  and  in  a  few  other  Asiatic  localities  of  lemuroid 
animals,  which  have  their  headquarters  in  Madagascar,  long  ago 
gave  rise  to  the  belief  in  a  former,  now  submerged,  land  connecting 
these  area3  with  one  another.  Sclater  gave  the  name  of  "Lemuria" 
to  this  sunken  land,  and  Wallace  ^  once  expressed  the  opinion  that  it 
was  undoubtedly  a  legitimate  and  highly  probable  supposition,  and 
an  example  of  the  way  in  which  a  study  of  the  geographical  distribu- 
tion of  animab  may  enable  us  to  reconstruct  the  geography  of  a 
bygone  age.  In  his  "Island  Life"  he  dissents  from  the  view  he 
formerly  held,  though  Blanford*  never  rejected  the  theory  of  "Le- 

*  Vher  d.  Geol.  Geschichte  d.  Insel  Celebea  auf  grand  d,  ThierverbreUung,  1901. 
«  Zodl.  Jahrbucher,  13,  1900. 

*  Loc.  cU. 

*  Loc.  cU.  1,  p.  76. 

*  Loc,  cU. 
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muria."  He  held  that  this  land-connection  was  of  such  magnitude 
as  to  include  the  Seychelles,  Madagascar  and  South  Africa.  He 
believed  this  land  to  have  been  partially  submerged  in  early  Tertiary 
times.  From  a  study  of  the  distribution  of  birds,  von  Pelzeln  *  came 
to  the  conclusion  that  an  intimate  relationship  obtains  between  the 
avifauna  of  Africa,  of  the  Indo-Malayan  and  partly  of  the  Australian 
region.  The  supposition,  he  thinks,  that  these  countries  were  formerly 
joined  would  explain  the  existing  faunistic  features  satisfactorily. 

The  Madagascar  invertebrates,  as  we  should  expect,  are  much 
more  important  than  the  vertebrates  as  indicators  of  a  faunistic 
relationship  with  India,  because  the  geological  features  seem  to  point 
to  the  fact  that  if  these  two  areas  ever  were  united,  the  land-connection 
must  be  of  a  very  ancient  date,  and  indeed  Pilsbry  ^  urges  that,  from 
the  conchologist's  standpoint,  Madagascar  is  much  more  closely  allied 
to  Ceylon  and  Australia  than  to  South  Africa  generally.  In  this 
opinion  he  agrees  with  Simon,^  who  would  attach  Madagascar  with 
the  opposite  coast  lands  of  Africa  to  the  Oriental  region  rather  than 
to  the  Ethiopian,  as  far  as  spiders  are  concerned. 

The  freshwater  crayfishes  are  utilized  by  Ortmann  *  in  the  discus- 
sion on  these  more  intimate  connections  between  Africa  and  Asia,  and 
he  likewise  concludes  that,  at  any  rate,  until  early  Tertiary  times, 
Africa  and  India  must  have  been  joined  by  a  land-bridge  of  which 
nothing  now  remains  except  Madagascar  and  the  Seychelles. 

Beddard  *  thinks  that  some  facts  may  be  drawn  from  the  earth- 
worms that  are  not  unfavorable  to  "  Lemuria. "  According  to  Ben- 
ham  ®  they  afford  evidence  of  some  former  land-connection  between 
New  Zealand,  South  Africa  and  South  America,  while  he  emphasizes 
the  important  fact  of  the  remarkable  similarity  in  the  faunas  of 
Ceylon  and  Australia.  Milne  Edwards '  appeared  to  be  of  opinion 
that  the  distribution  of  the  flightless  birds  of  Madagascar  and  New 
Zealand  could  only  have  been  brought  about  by  an  ancient  land- 
connection  between  these  areas. 

Especial  attention  is  drawn  by  Kolbe  *  to  the  aflSnity  which  mani- 
fests itself  in  many  groups  between  the  faunas  of  Madagascar  and 
America,  without  Africa  taking  any  part  in  it.  He  maintains  that 
Madagascar  must  have  received  a  large  portion  of  its  genera  from  the 
south,  east  and  northeast.  In  a  more  recent  essay "  on  some  groups 
of  lamellicorn  beetles,  he  asserts  that  a  continental  bridge  in  the 
extreme  south  must  have  connected  Africa  with  America. 

»  Verh.  Zo6l  hot  GeseOsch.,  Wien,  22,  1876. 
«  TryorCs  Manual  of  Conchd.y  IX,  p.  xlv..  1894. 

■  Troueasart,  giographie  zodlogique,  p.  210,  Paris,  1890. 

•  Loc,  dt. 

■  hoc.  dt. 

'  Ann.  S'd.  Nat.  (5)  ZooL,  19,  1874. 

•  SUzungsher.  GeaeUsch.  Nat.  Freunde,  Berlin,  1887. 

•  Loc.  dt. 
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That  the  continent  of  Africa  itself  has  undergone  many  modifica- 
tions is  evident.  Not  only  was  it  united  in  the  south  with  Madagascar, 
and  possibly  with  other  continents,  by  means  of  an  Antarctic  land- 
bridge,  but  Weber  *  even  infers  from  a  study  of  the  freshwater  fauna 
that  southwest  Africa  was,  at  a  somewhat  remote  time,  completely 
isolated  from  the  rest  of  the  continent. 

As  the  results  of  his  interesting  investigations  into  the  fauna  of 
Lake  Tanganyika,  Moore  ^  inferred  that  this  great  African  basin 
was  originally  stocked  with  halolimnic  animals  from  a  western  sea, 
of  which  the  lake  itself  and  the  vast  back  waters  of  the  Congo  might 
be  said  to  be  the  last  remains.  His  theories  have  not  met  with  general 
approval,  though  there  can  be  little  doubt  that  Lake  Tanganyika 
retains  reUcts,  such  as  the  medusa  Limnocnida  tanganicae,  which  are 
of  marine  origin.  The  latter  species  has  since  been  discovered  in 
Lake  Victoria  and  in  a  lagoon  near  the  Upper  Niger,  so  that  the 
former  extension  of  the  sea,  across  some  of  the  great  lakes,  from  the 
Atlantic  becomes  probable.  The  existence  of  such  a  sea  in  eocene 
times  has  been  suggested  by  Boulenger.^ 

That  the  fauna  of  Abyssinia  contains  many  European  types  of 
animals  is  well  known,  and  among  them  some  species  that  could  not 
possibly  have  travelled  from  Europe  to  Africa  under  the  existing 
conditions  of  land  and  water. 

It  was  Giinther*  who  first  drew  attention  to  the  fact  that  the 
river  Jordan  presents  so  many  African  types  of  fishes,  that  it  should 
be  included  in  a  description  of  the  African  region.  His  remark  led 
Gregory  *  to  investigate  the  problem  of  this  anomalous  distribution^ 
and  to  surest  some  very  noteworthy  geographical  changes  which  he 
assumed  to  have  taken  place  within  recent  geological  times.  The 
views  he  put  forward  were  that  the  Red  Sea  was  a  river  valley  into 
which  flowed  the  Jordan.  Near  the  ancient  mouth  of  the  Jordan  at 
the  Indian  Ocean  a  tributary  from  Abyssinia  joined  it,  conveying  to  it 
fishes  from  Central  Africa.  These  gradually  ascended  up  to  Palestine, 
the  lower  part  of  the  river  being  afterwards  destroyed  by  the  encroach- 
ment of  the  ocean  which  now  forms  the  Red  Sea. 

This  explains  the  faunistic  relationship  of  Syria  and  Abyssinia 
very  satisfactorily.  From  the  similarity  of  the  northeast  African  and 
the  west  Asiatic  faunas  alone  it  might  safely  be  concluded  that  the 
Red  Sea  is  only  a  comparatively  modern  formation.  North  Africa  and 
western  Asia  must  have  been  in  close  connection  formerly,  so  as  to 
enable  animals  to  pass  freely  from  one  to  the  other. 

Northwestern  Africa  has  been  isolated  from  the  rest  of  the  African 
continent  for  a  long  time,  and  it  is  still  isolated  to  a  considerable  ex- 

»  Zodl.  Jahrbiiche  Abth.  f.  System,  10,  1897. 
«  Proc,  Roy.  Soc.,  62,  1898. 

*  The  Study  of  Fishes,  p.  227,  188a 

•  The  Great  Rift  VaUey,  1896. 
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tent  by  the  interposition  of  the  Sahara  Desert,  which  was  probably 
covered  by  the  sea  in  early  Tertiary  times.  That  this  part  of  Africa 
was  intimately  connected  with  Europe  by  several  land-bridges,  and 
that  the  Mediterranean  itself  has  undergone  the  most  profound 
modifications,  has  been  discussed  by  many  authors,  based  on  the 
geographical  distribution  of  animab. 

As  might  be  expected,  Europe  has  received  a  considerable  amount 
of  attention  in  that  respect  from  Edward  Forbes,  James  CJeikie,  Boyd 
Dawkins,  Heer,  Nehring,  Hull,  Jacobi,  Forsyth  Major,  Simroth,  Stoll 
and  others,  while  I  have  attempted  to  collect  together  our  existing 
knowledge  on  the  subject  in  a  work  dealing  with  the  European 
animab,  their  geological  hbtory  and  geographical  distribution  as  a 
whole.^  In  this  volume  a  short  account  will  be  found  of  the  geographi- 
cal mutations  which  the  European  continent  has  undergone,  how  from 
an  archipelago  of  islands  various  parts  have  gradually  become  moulded 
together,  and  how  streams  of  animab  have  finally  invaded  Europe 
from  other  continents. 

I  have  now  endeavored  to  give  you  a  short  account  of  the  attempts 
which  have  been  made  in  different  parts  of  the  world  to  reconstruct 
the  geographical  conditions  of  former  geological  periods,  to  trace  the 
slow  evolution  of  continents  merely  from  a  study  of  the  present 
dbtribution  of  animals. 

In  this  brief  sketch  I  have  not  been  able  to  explain  the  methods 
which  have  been  adopted  to  discriminate  between  the  older  geological 
changes  and  the  more  recent  ones.  But  with  the  assistance  of  the 
palaeontologist,  in  many  cases  even  without  such  help,  we  can  dis- 
tinguish between  old  forms  of  animal  life  and  modem  types.  Hence 
the  present  range  of  the  former  will  indicate  the  more  ancient  muta- 
tions of  land  and  water,  so  that  the  distribution  of  animab  generally 
will  not  only  enable  us  to  describe  the  origin  and  formation  of  conti- 
nents and  islands,  but,  approximately,  at  what  particular  geological 
period  certain  changes  were  brought  about. 

*  European  Animals,  1907. 
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DIE  MURMANSCHE  BIOLOGISCHE  STATION  DER  K. 
NATURFORSCHER  GESELLSCHAFT  ZU  ST.  PETERS- 
BURG  UND  IHRE  ARBEITEN  IM  NORDISCHEN 
EISMEER 

K.  DERJUGIN 

Die  Untersuchung  des  Meeres  und  das  Studium  seines  Lebens  hat 
sich  in  den  letzten  zwanzig,  dreissig  Jahren  in  den  alten  wie  neuen 
Erdteilen  sehr  entwickelt.  Wir,  russische  Biologen,  waren  nach 
Kraften  bestrebt,  unsere  Meere  zu  untersuchen  und  die  mannigfaiti- 
gen  Fragen  zu  beleuchten,  welche  bei  dem  Studium  der  Meeres- 
organismen  und  der  ihnen  eigentiimlichen  Bedingungen  ihres  Daseins 
entstehen.  Eine  Reihe  von  wissenschaftliehen  Expeditionen  haben 
in  der  letzten  Zeit  das  nordliche  Eismeer,  das  Schwarze  Meer,  das 
Kaspische  Meer,  und  die  Aralsee  untersucht  und  untersuchen  sie 
noch. 

Fur  eine  einzige  Expedition  fiir  wissenschaftlich-praktische  Unter- 
suchungen  an  der  Murman-Kiiste,  die  nach  den  neusten  Anforde- 
rungen  der  Wissenschaft  ausgeriistet,  das  nordliche  Eismeer  erforscht 
hat,  hat  wahrend  ihrer  zehnjahrigen  Arbeit  das  russische  Volk  gegen 
zwei  Millionen  Mark  ausgegeben.  Diese  Expedition  beschaftigt  sich 
nicht  nur  mit  der  Biologic  und  dem  Gewerbe  im  nordischen  Eismeer, 
sondem  beteiligt  sich  auch  an  den  internationalen  Untersuchungen 
der  Hydrographie. 

Lassen  wir  die  Tatigkeit  und  die  Resultate  obengenannter  Expe- 
ditionen bei  Seite,  die  ja  nur  voriibergehende  Veranstaltungen  sind. 
Ich  erlaube  mir  im  Folgenden  allein  die  standigen  Unternehmungen, 
wie  es  die  biologischen  Meeresstationen  sind,  die  von  alien  Kultiu*- 
landem  eingerichtet  worden  sind,  zu  besprechen. 

Ausser  der  biologischen  Station  in  Villefranche-sur-Meer  am  Mit- 
telmeer,  welche  den  biologen  zur  G^niige  bekannt  ist,  haben  wir  in  den 
Grenzen  des  europaischen  Russlands  noch  zwei  biologische  Meeres- 
stationen, eine  siidliche  am  Schwarzen  Meer  in  Sebastopol,  und  eine 
nordliche  an  der  Murman-Kiiste  Laplands  in  Alexandrowsk  (Gouv. 
Archangel).  Die  Station  in  Sebastopol  gehort  der  K.  Akademie  der 
Wissenschaften.  Ihr  friiherer  Direktor,  Alexander  Kowalewsky,  be- 
miihte  sich  rastlos  bis  zu  seinem  Tode  um  ihre  gute  Einrichtung,  und 
ihm  ist  es  zu  danken,  dass  sie  eine  solide  wissenschaftliche  Unter- 
nehmung  wurde. 

Gtegenwartig  leitet  diese  Station  Herr  W.  Salensky,  Mitglied  der 
K.  Akademie  der  Wissenschaften. 
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Obgleich  die  Fauna  des  Schwarzen  Meeres  ziemlich  arm  ist  — 
was  den  Schwefelwasserstoffaussonderungen  in  den  Tiefen  des  Meeres 
zu  verdanken  ist  —  ist  die  biologische  Station  in  Sebastopol  doch 
durch  die  Arbeiten  des  A.  Kowalewsky,  W.  Salensky  u.  a.  genug  be- 
kannt  geworden.  Allein  ieh  habe  nicht  die  Absicht  bei  dieser  Station 
mich  langer  aufzuhalten. 

Die  nordliche  Station,  die  der  K.  Naturforscher  Geselkchaft  zu 
St.  Petersburg  gehort,  ist  ebenfalls  eine  nicht  mehr  ganz  junge  Unter- 
nehmung.  Sie  ist  im  Jahre  1881  n'ach  den  Ideen  des  in  demselben 
Jahre  verstorbenen  Prof.  N.  Wagner  im  Weissen  Meer  auf  den  Solo- 
wezky  Inseln  in  Solowezky-Kloster  gegriindet,  wo  die  Station  17 
Jahre  lang  gearbeitet  hat.  Zwar  standen  der  Station  nur  bescheidene 
Mittel  zur  Verfiigung,  aber  doch  hat  sie  sich  in  dieser  Periode  ein- 
gehend  mit  dem  Studium  des  Lebens  im  Weissen  Meere,  wie  uber- 
haupt  der  arktischen  Fauna  befasst.  Sie  wurde  in  der  Sommer- 
zeit  zu  einem  gelehrten  Centrum  fiir  die  russischen  Biologen,  und  es 
sind  aus  dieser  Station  zahlreiche  Arbeiten  von  Prof.  N.  Wagner,  Prof. 
W.  Schimkewitsch,  W.  Faussek,  N.  Knipowitsch  u.  a.  hervorgegangen. 
Ausserdem  versorgte  sie  mehrere  Hochschulen  Russlands  bestandig 
mit  Material  fur  praktische  Uebungen  und  erganzte  die  Sammlungen 
verschiedener  russischer  Museen  durch  Vertreter  der  arctischen 
Fauna. 

Jedoch  infolge  gewisser  Umstande  kam  es,  dass  im  Jahre  1899  fiir 
die  Station  ein  anderer  Platz  ausgesucht  werden  musste.  Die  Natur- 
forschergeselbchaft  wahlte  den  Jekaterinen-Hafen  des  Kola-Fjords 
an  der  Murman-Kiiste  Lapplands  aus.  Dort  baute  man  damals  eine 
neue  Stadt,  die  im  Jahre  1899  unter  dem  Namen  Alexandrowsk  er- 
oflFnet  wurde.  So  wurden  dann  von  1899-1904  die  notigen  Gebaude 
errichtet,  und  am  29.  Juni  1904  konnte  die  Meeresstation  unter  dem 
Namen :  "  Murmansche  Biologische  St^,tion  d.  k.  Naturforscher  Ge- 
sellschaft  zu  St.  Petersburg  "  eingeweiht  werden.  Diese  nordliche 
Station  ist  an  ihrem  neuen  Platze  bis  jetzt  erst  drei  Jahre  tatig. 

Ihr  jahrliches  Budget  betragt  gegenwartig  8500  Rubel. 

Die  Murmansche  Biologische  Station  ist  auf  einer  Granithalbinsel 
an  dem  westlichen  Teile  des  Jekaterinen-Hafens  gelegen,  der  eine 
kleine  nordwestliche  Bucht  des  Kola-Fjords  bildet  und  sich  etwa  zwolf 
Kilometer  siidlich  von  der  Miindung  des  Kola-Fjords  in  den  Ocean 
befindet. 

Am  Ende  des  Jekaterinen-Hafens,  etwa  ein  halbes  Kilometer 
sudlich  von  der  Station  liegt  auf  Felsen  die  Stadt  Alexandrowsk, 
in  einer  nordlichen  Breite  von  69°  12'  und  ostlichen  Lange  von 
32°  28'  von  Greenwich.  Demnach  ist  die  Murmansche  Biologische 
Station  eine  der  nordlichsten  der  Welt.  Zwei  Monate  lang  geht  hier 
die  Sonne  nicht  unter,  zwei  Monate  lang  herrscht  hier  ewige  Nacht 

Die  Halbinsel  auf  der  die  Station  gebaut  ist,  ist  nicht  sehr  gross, 
Zur  Zeit  der  Fluten,  die  hier  bis  4  m.  erreichen,  ist  die  Landenge,  die 
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Fig.  1.  —  Gesammtansicht  der  Murm.  Biolog.  Station 


Fig.  2.  —  Hauptgebaude  der  Station 
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die  Halbinsei  mit  dem  Festlande  verbindet,  voilig  uberschwemmt  und 
die  Halbinsei  wird  so  in  eine  Insel  verwandelt. 

Die  Murmansche  Biologische  Station,  die  urspriinglich  nur  aus 
einem  Hause  bestand,  hat  sich  in  den  letzten  Jahren  bedeutend  ver- 
grossert,  und  sie  umfasst  gegenwartig  folgende  (Jebaude. 

1.  das  Hauptgebaude  mit  den  Laboratorien,  der  Bibliothek,  dem 
Museum,  und  den  Wohnzimmern  fiir  die  Forscher; 

2.  das  neue  Haus  mit  den  Wohnungen  fiir  der  Leiter  der  Station, 
und  das  Dienstpersonal ; 

3.  das  Scheunen-Dock;  daneben  ein  kleiner  Ebkeller; 

4.  das  Maschinenhauschen  mit  der  Werkstatt; 

5.  der  Pavilion  iiber  einem  Granitbassin. 

Die  Station  ist  mit  Meer-  und  Siisswasserleitung  versorgt. 

Das  Hauptgebaude  der  Station  hat  zwei  Stockwerke  mit  einem 
einstockigen  Nebenbau  fiir  die  Aquarienabteilung.  Um  das  Haus 
herum  geht  ein  2  m.  breiter  Gang,  der  aus  Granitstiicken  hergestellt 
ist.  Auf  der  Vorderseite  fiihren  von  diesem  Gang  zwei  kleine  Ab- 
stiege  zu  einer  holzernen  Plattform,  von  der  man  auf  einer  Treppe 
binab  zur  Abfahrtstelle  gelangt. 

In  dem  unteren  Stockwerke  befindet  sich  ein  Zimmer,  wo  das 
Material  geordnet  wird,  das  man  vom  Meere  herfiihrt,  und  einige 
Raume  fiir  Forscher:  sechs  Wohnzimmer  und  ein  gemeinsames 
Speisezimmer. 

Im  oberen  Stockwerke  liegen:  (1)  zwei  Laboratorien,  das  eine 
mit  vier,  das  andere  mit  fiinf  Arbeitsplatzen ;  (2)  ein  Zimmer  fiir 
Reagentien;  (3)  ein  Bibliotheksaal  mit  Museum;  (4)  zwei  Wohn- 
zimmer; und  (5)  ein  Zimmer  fiir  Photographie.  Jeder  Forscher  hat 
ein  Wohnzimmer  das  zwar  einfach,  aber  doch  mit  allem  Notigen  ver- 
sehen  ist;  im  Laboratorium  stet  zu  seiner  Verfiigung  ein  guter 
Arbeitstisch,  der  mit  schwarzem  Linoleum  bedeckt  ist,  ein  Real  mit 
Reagentien  und  alles  notwendige  Geschirr.  Im  Laboratorium  befin- 
den  sich  ein  grosser  Thermostat  von  Sartorius,  ein  Mikrotom  von 
Jung,  und  ein  gemeinsamer  Tisch  mit  Aquarien,  denen  durch  eine 
Maschine  frische  Luft  zugefiihrt  wird.  Zum  Luftpumpen  dient  ein 
Heissluftmotor  von  Heinrici.  In  beide  Laboratorien  kt  Meer-  und 
Siisswasser  geleitet.  Das  Siisswasser  wird  durch  eine  amerikanische 
hydraulische  Maschine  gepumpt,  die  ein  halbes  Kilometer  entfernt 
an  dem  nachstliegenden  Bache  aufgestellt  ist. 

Mit  Meerwasser  werden  die  Laboratorien  durch  einen  Heissluft- 
ipotor  von  O.  Bottger  versorgt,  der  im  Maschinenhauschen  steht. 
Im  Zimmer  fur  Reagentien  befinden  sich  alle  notwendigen  chemischen 
Substanzen. 

Groase  Mengen  teuerer  Reagentien,  z.  B.  Aurum  ehloratum, 
Kokain,  u.  a.,  verabfolgt  die  Station  nicht. 

Die  Bibliothek  ist  nicht  b^onders  reich,  hat  aber  recht  viele 
Werke  iiber  die  arktische  Meeres-Fauna. 
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Das  Museum  bietet  uns  ein  ziemlich  gutes  Bild  der  Fauna  des 
Weissen  und  Murmanschen  (Barents-)  Meeres.     In  der  Aquarien- 
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Fig.  3.  —  Plan  des  Hauptgebaudbs  der  Station 

I  Et.  — 1,  Werandej  2,3,  14,  Korridore;  4,  Ziramerzum  sortieren ;  6,  7,  10,  11,  12,  13,  Wohn- 

zimmer*  6,  Speiseximmer;  8,  9,  Toilette;  15,  Kiiche. 

II  £t.—  1,  Korridor;  2,  5,  Wohnzimmer ;  3,  Bibliothek  und  Museum;  4,  Zimmer  ftir  Reagen- 

tien;  6,  7,  Laboratorien;  10,  11,  Vorratekanimer  und  Photogr.  Zimmer. 

abteilung  der  Station,  die  sich  in  einem  hellen  Zimmer  des  Neben- 
baues   befindet.   sind    langs   den   Wanden   Tische   aufgestellt,   auf 
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welchen  mehrere  Aquarien  von  verschiedener  Grosse  stehen,  denen 
Tag  und  Nacht  Meerwasser  zufliesst. 

In  der  Mitte  des  Aquarienzimmers  befindet  sich  ein  grosses  Aqua- 
rium, das  durch  drei  glaserne  aiiszichbare  Scheidewande  in  vier 
Abteilungen  getrennt  ist.  Die  gusseisemen  Teile  des  Aquariums  sind 
vom  MeerwaCsser  durch  Glastafeln  isoliert  Es  durchlauft  jetzt  tag- 
lich  die  Aquarienabteilung  etwa  6150  L.  Meerwasser.  In  der  ganzen 
Meerwasserieitung  sind  zur  Vermeidung  der  f  iir  die  Meerestiere  schad- 
lichen  Salze  meistenteils  Blei  und  Gummi  angewandt  worden. 

Da  im  Sommer  die  oberen  Schichten  des  Meeres  in  dem  Kola- 
Fjord  mit  Siisswasser  vermischt  sind,  so  nimmt  man  das  Wasser  fur 
die  Aquarien  aus  einer  Tiefe  von  14^16  m. 

Bei  Maschinenhauschen  ist  ein  Granitbassin  eingemauert,  das  un- 
gefahr  24,500  L.  Wasser  enthalt.  Ueber  dem  Bassin,  in  dem  sich 
ebenfalls  fliessendes  Wasser  befindet,  ist  ein  Pavilion  mit  Glasdach 
gebaut. 

So  befinden  sich  auf  dieser  Granithalbinsel  das  Hauptgebaude 
der  Station,  das  Maschinenhauschen,  der  Pavilion  iiber  dem  Granit- 
bassin und  der  Landungsplatz.  Auf  der  Landenge,  die  Halbinsel 
mit  dem  Festland  verbindet,  steht  ein  geraumiges  zweistockiges 
Scheunen-Dock. 

Das  untere  Stockwerk  ist  so  gebaut,  dass  sie  wahrend  der  Flut  mit 
ihrem  unteren  Teile  unter  dem  Wasser  steht.  Auf  diese  Weise  kon- 
nen  kleine  Fahrzeuge  in  den  inneren  Raum  einfahren.  Hier  werden 
auch  die  Boote  der  Station  wahrend  des  \^nters  untei^ebrachL  Im 
oberen  Stockwerke  sind  geraumige  P^ederiagen ;  in  ihrer  Mitte  geht 
ein  Gang  durch,  der  die  Moglichkeit  bietet,  von  den  Felsen  der  Halb- 
insel zu  denen  des  Festlandes  iiber  eine  Briicke  zu  gelangen.  In  dem 
neuen  zweistockigen  Hause,  das  auf  dem  Festlande  liegt,  sind  die 
Wohnungen  des  Leiters  der  Station,  des  Praparators  u.  a.,  die  sich 
das  ganze  Jahr  hier  aufhalten. 

Fiir  Excursionen  benutzt  die  Station  ein  kleines  Segelboot  "Orca  " 
und  einige  Schaluppen. 

Die  "Orca''  ist  28'  lang,  8'3  breit,  2,11  tief,  328'  Segelflache, 
und  ist  mit  den  notigen  Gegenstanden  fiir  die  zoologischen  Arbeiten 
im  Meere  ausgeriistet.  Gegenwartig  ist  bereits  fiir  die  Station  ein 
verhaltnismassig  grosses  Segelschiff  mit  einem  Petroleummotor 
"Dan"  von  25  PH.  hergestellt,  das  in  St.  Petersburg  ins  Wasser 
gelassen  ist.  Das  Schiff  wird  im  nachsten  Winter  vollstandig  ausge- 
riistet werden,  um  dann  im  Friihjahr  1908  nach  der  Station  abzu- 
fahren.  Es  ist  21,34  m.  lang,  5,13  m.  breit,  hat  einen  10  tn.schweren 
gusseisernen  Kiel,  und  zwei  Masten :  Grot-  und  Fockmast  In  dem 
Schiff  befindet  sich  ein  Laboratorium,  wo  die  Aquarien  mit  flissen- 
dem  Wasser  versehen  werden,  eine  Kajiite  fiir  4-8  Mann,  ein  Ma- 
schinenraum,  je  eine  Kajiite  fiir  den  Kapitan,  und  eine  Dame  (auf 
der  Station  konnen  auch  Frauen  arbeiten)  und  eine  Matrosenkajiite. 
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Fig.  4.  —  Aquarienabteilung  der  Station 


Fig.  5.  — Segelboot  "  Orca  "  im  Jekateerinen-Hafen. 
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Die  Hauptverwaltung  der  Station  liegt  in  den  Handen  einer 
besonderen  Kommission  der  K.  Naturforscher  Gesellschaft  zu  St 
Petersburg.  Der  Vorsitzende  der  Kommission  ist  zugleich  Direktor 
der  Station.  Gegenwartig  bekleidet  dieses  Amt  der  Professor  der 
Zoologie  und  vergleichenden  Anatomie  der  Universitat  zu  St.  Peters- 
burg, W.  Schimkewitsch  (Adresse :  St.  Petersburg,  Universitat,  Zoolo- 
gisches  Institut).  Die  Station  selbts  leitet  ein  Zoolog,  der  das  ganze 
Jahr  iiber  dort  wohnt  und  nur  zuweilen  wahrend  der  vier  Winter- 
monate  Urlaub  erhalt.  Ihm  zur  Seite  steht  im  Sommer  ein  Laborant 
bei. 

Der  Jekaterinen-Hafen,  an  dem  die  Murmasche  Biologische  Sta- 
tion liegt,  bildet,  wie  ich  schon  oben  erwahnte,  nur  die  nordwestliehe 
Bucht  des  Kola-Fjords.    Auf  der  nordostlichen  Seite  ist  der  Hafen 


Fig.  6.  —  Motor-Segelschifp  ''Alexander  Kowalewskt  " 

durch  eine  schmale  Insel  von  dem  Kola-Fjord  getrennt,  Nach  dem 
Relief  des  Bodens  erscheint  der  Jekaterinen-Hafen  wie  eine  ausge- 
dehnte  Retorte,  dessen  grosste  Tiefe  in  der  Mitte  liegt  und  52  m. 
betragt,  wahrend  sich  die  geringste  —  16  m.  —  am  Halse  befindet. 
Dem  schmalen  nordwestlichen  Ende  des  Hafens  zu,  liegt  ein  ziem- 
lich  breiter  Teil  des  Kola-Fjords,  in  den  noch  zwei  benachbarte 
Fjorde,  Pala-guba  und  Olenja-guba  miinden.  Diesen  Teil  des  Kola- 
Fjords  haben  wir  "Tralowajajama "  ("Tralen-Grube ")  genannt, 
weil  hier  meistens  die  gewohnlichen  Arbeiten  mit  dem  zoologischen 
Trawl  wegen  des  geeigneten  schlammigen  Bodens  und  des  Reichtums 
ar  Bodentieren  ausgefiihrt  werden. 

Wie  die  Halbinsel  der  Station,  so  besteht  das  ganze  Festland  in 
ihrer  Umgebung  und  der  der  Stadt  Alexandrowsk  aus  dem  Gneiss- 
Granit  des  Archaischen  Zeitalters. 

Diese  Grundsubstanz  ist  teils  mit  Torfmoos  bedeckt,  teils  liegt 
sie  frei  an  der  Oberflache  und  bildet  von  uralten  Gletschern  abge- 
schliflFen,  glatte  Plattformen,  teils  steigt  sie  zu  steilen  Felsen  an,  um 
in  schroflFen  Kliiften  abzufallen  und  kleine  Taler  zu  bilden.    SteDen- 
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weise  sind  am  Fusse  der  Felsen  Massen  von  Bruchstiicken  aufge- 
hauft,  da  sich  zuweilen  von  den  Felsen  grosse  Blocke  losbrechen. 

Die  Umgebung  der  Station  ist  reiclj  an  reizvollen  Seen,  die  auf 
verschiedenem  Nivean  in  Steinbassins  liegen.  Manche  dieser  Seen 
nahren  Bache,  die  in's  Meer  hinabfliessen  und  oftmals  in  schonen 
Wasserfallen  absturzen. 

Baumvegetation  fehlt  in  der  naheren  Umgebung  der  Station  fast 
ganzlich,  nur  niedrige  gekriimmte  Birken,  kleine  SpierlingsbSume, 
Weiden,  und  reichliche  Alpenflora  auf  den  Wiesen  und  in  den  Fels- 
kliiften  beleben  die  sonst  graue  Landschaft. 


Fig.  7.  —  Wassehpall  in  der  Umgebung  der  Station 

Etwas  welter  in  der  Umgebung  erregt  in  wissenschaftlicher  Be- 
ziehung  der  ReKcten-See  "Mogilnoje"  auf  der  etwa  30  km.  von 
dem  Jekaterinen-Hafen  entfernten  Kildin-Insel  besonderes  Interesse 
und  ist  deshalb  auch  von  verschiedenen  Naturforschem  und  vor 
allem  in  letzter  Zeit  von  der  Expedition  fiir  Wissen.-  Prak.-  Unter- 
suchungen  an  der  Murman-Kiiste  eingehender  erforscht  worden. 

Der  gesammte  Flachenraum  des  Sees  betragt  ungefahr  50,000  m., 
die  grosste  Tiefe  16  m.  Der  See  ist  von  der  Meeresenge  durch  einen 
Wall  von  60  m.  Breite  getrennt.  Augenscheinlich  sickert  durch 
diesen  Wall  langsam  Wasser  hindureh,  da  die  mittlere  Hdhe  des 
Sees,  die  das  Nivean  des  Meeres  um  37  cm.  iiberragt,  periodische  Be- 
wegungen  mit  einer  Amplitude  von  68  mm.  bildet.  So  kommt  es 
auch,  dass  das  Wasser  in  dem  See  sein  Hohemaximum  drei  Stunden 
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spater  als  das  Meer  erreicht.  Der  Mogilnoje-See  hat  drei  Zonen 
(nach  L.  Breitfuss),  die  durch  ihren  physikalischen  und  biologischen 
Charakter  scharf  von  einander  geschieden  sind : 

L  Die  obere  Zone  mit  Siisswasser  bis  zu  einer  Tiefe  von  7-8  m. 
mit  Siisswasser-Fauna-und-Flora. 

2.  Die  mittlere  Zone  mit  einem  Salzgehalt  von  16,00  %o-30,00  %© 
in  einer  Tiefe  von  8-14  m. ;  er  ist  also  kleiner  als  im  Ocean  (etwa 
34,00  %o),  aber  doch  wird  diese  Zone  durch  Meer-Fauna-und-Flora 
belebt. 

3.  Die  untere  Zone  in  14-16  m.  Tiefe  ist  fast  ohne  Leben,  da  sidi 
hier  ziemlich  stark  Schwefelwasserstoff  absondert.  In  dem  Plankton 
des  Mogilnoje-Sees  leben  mit  Siisswasserdiatomeen  (Caloneis  silicula, 
Fragilaria  virens)  und  Krebsen  (Daphnia  pulex)  auch  die  Meeresdi- 
atomeen  (Rhabdonema  minuta,  Paralia  sulcata),  Krebse  (Oithona 
similis,  Microsetella  atlantica)  und  Medusen  (Rathkea  8-punctata) 
zusammen ;  auf  dem  Boden  leben  2-3  Arten  Schwamme,  Seesterne 
(Stichaster),  einige  Arten  von  Anneliden,  Actinien,  Pycnogoniden 
(Pycnogonum  littorale),  verschiedene  MoUusken  (Chiton  albus, 
Astarte  banksi,  u.  a.),  ^5  Arten  von  Ascidien  und  sogar  einige  Meer- 
fische  —  die  Stockfische  und  Schollen. 

Trotz  der  sehr  nordlichen  Lage  der  Murmanschen  Biologischen 
Station  sind  die  klimatischen  Bedingungen  fiir  wissenschafdiche 
Arbeiten  infolge  des  wohltatigen  Einflusses  des  Gk)lfstroms  gunstig 
und  entsprechen  nicht  dieser  hohen  Breite. 

Infolge  der  Nahe  des  Golfstroms  wird  das  Klima  an  den  ver- 
schiedenen  Stellen  des  Murman  nicht  so  sehr  durch  seine  Breite  als 
vielmehr  durch  seine  Lage  zum  Meere  bestimmt.  Daher  ist  es  nicht 
zu  verwundern,  dass  der  nordlichste  Punkt  der  Murman-Kiiste  des 
Lapplands,  "Waida-guba,"  das  warmste  Klima  hat,  wahrend  das 
Klima  des  von  der  Kuste  weiter  nach  Siiden  liegenden  Landes  rauher 
ist.  Die  mittlere  Temperatur  des  Jahres  betragt  fiir  die  Stadt  Alex- 
androwsk  ein  wenig  liber  0°  C  (etwa  +  0,46°  C).  Als  die  vier  warra- 
sten  Monate,  die  die  dortige  Sommerszeit  bilden,  haben  zu  gelten 
Juni  mit  der  Durchschnittstemperatur  von  7,0°  C,  Juli  mit  9,5°  C, 
Auguat  mit  9,7°  C,  und  September  mit  5,9°  C.  Diese  Monate  sind 
die  besten  fiir  die  Wissenschaftlichen  Arbeiten,  um  so  mehr  als  vom 
23  Mai  bis  21  Juli  die  Sonne  nie  untergeht,  und  so  zwei  Monate 
lang  ununterbrochen  Tag  ist. 

Dagegen  taucht  die  Sonne  im  Winter  vom  30  November  bis  zum 
12  Januar  iiberhaupt  nicht  iiber  den  Horizon t  auf. 

Die  kaltesten  Monate  sind :  December  —  mit  mittlerer  Tempe- 
ratur von  —  8,2°  C,  Januar  mit  —  7,8°  C,  Februar  mit  —  11,2°  C, 
und  Marz  mit  —  6,5°  C. 

Im  allgemeinen  ist,  wie  diese  Zahlen  zeigen,  der  Winter  fiir  diese 
hohe  Breite  nicht  all  zu  hart;  die  mitdere  Temperatur  betragt  fiir 
diese   vier  Wintermonate  also  nur  —  8,4°  C.    und  die  Froste  er- 
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reichen  hochstens  —  20®  bis  —  25°  C.  Nur  die  heftigen  Winde, 
welche  zu  dieser  Zeit  herrschen,  vergrossern  die  Kalte  und  verhindem 
die  wissenschaftlichen  Arbeiten  an  der  freien  Luft.  Das  Meer  je- 
doch  friert  iiberhaupt  nicht  zu.  Der  Hafen  allein  ist  ungefahr  auf 
einen  Monat  —  vom  Ende  Februar  bis  Ende  Marz  —  mit  Eis  be- 
deckt,  aber  dieses  ist  so  diinn  und  locker,  dass  Dampfschiflfe  mit 
Leichtigkeit  ein-  und  ausfahren  konnen. 

Diesen  klimatischen  Bedingungen  gemass  teilt  sich  auch  die  Tatig- 
keit  der  Station  ein;  sie  ist  das  ganze  Jahr  iiber  geoflfnet  und  es 
wohnt  dort  stets  das  notwendige  Dienstpersonal ;  die  Hauptarbeiten 
werden  natiirlich  im  Sommer  getan.  Gewohnlich  kommen  Anfang 
Juni  Biologen  aus  St.  Petersburg  und  anderen  Universitatsstadten 
hierher,  und  dann  wird  es  auf  der  Station  rege.  Von  Mitte  August 
an  verlassen  die  Biologen  die  Station  wieder,  und  am  ersten  Sep- 
tember liegt  sie  verodet  da.  Allerdings  sind  die  wissenschaftlichen 
Arbeiten  dort  auch  in  anderen  Monaten,  besonders  im  Friihling 
(April,  Mai),  und  im  Herbst  (September,  Oktober)  moglich.  Grerade 
in  der  Winterzeit  konnten  verschiedene  ausserordentlich  interessante 
biologische  Fragen  die  Gelehrten  anlocken.  So  boten  z.  B,  die 
merkwiirdigen  Erscheinungen,  welche  mit  der  Ueberwinterung  der 
Meerestiere  verbunden  sind,  ein  reiches  Feld  flir  wissenschaftliche 
Beobachtungen  und  zwar  besonders  in  der  Littoralzone,  wo  Froste 
bis  —  25°  C.  auf  sie  einwirken. 

Leider  konnen  bei  den  gegenwartigen  Mitteln  der  Station  die 
Aquarien  mit  fliessendem  Wasser  nur  in  den  Perioden  gespeist 
werden,  die  frei  von  Frosten  sind. 

Die  Reise  nach  der  Station  bietet  im  Sommer  keine  Schwierig- 
keiten,  und  man  kann  sie  mit  allem  Komfort  unternehmen.  Von 
St.  Petersburg  bringt  die  Bahn  die  Excursanten  iiber  Tichwin,  Tsche- 
repowez,  und  Wologda  nach  Archangelsk.  Zwischen  Archangelsk 
und  der  norwegischen  Stadt  Vardo  stellen  langs  der  .Murman-Kuste 
Lapplands  die  regelmassigen  Verbindungen  die  beiden  Dampfer 
"Imperator  Nicolaus  II"  und  "Lomonosow"  der  Archangekk- 
Murmanschen-Dampfschiffahrts-Cresellschaft  her.  Beide  sind  mit 
den  Bequemlichkeiten  der  Oceandampfer  versehen,  besonders  "  Nic- 
olaus II.''  Diese  Schiffe  fahren  von  Archangelsk  jeden  Freitag, 
gewohnlich  Nachmittags  von  1-3  Uhr  ab,  konmien  im  Jekaterinen- 
Hafen  (Stadt  Alexandrowsk,  d.  h.  in  der  Station)  am  folgenden 
Montag  an  und  sind  bereits  am  Mittwoch  in  Vardo.  Ihre  Riick- 
fahrt  treten  die  Schiffe  von  Vardo  ebenfalls  Freitag  an,  verlassen 
den  Jekaterinen-Hafen  am  Sonnabend  und  laufen  schon  am  Diens- 
tag  wieder  in  Archangelsk  ein.  Der  Preis  fiir  die  Strecke  Arch- 
angelsk-Jekaterinen-Hafen  (Alexandrowsk)  betragt — 11,85  Rub.  fiir 
die  I  Kl. 

Die  Verpflegung  kostet  taglich  in  erster  Klasse  —  2,50  Rub. 
(5  M.).    Was  die  Reise  selbst,  besonders  auf  dem  Meere,  anbetrifft, 
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so  erweckt  sie  in  Freunden  der  Natur  tiefes  Interesse  und  bietet 
ihnen  nicht  wenige  Momente  reinen  Genusses. 

Die,  die  sich  von  St.  Petersburg  aus  nach  der  Station  begeben 
wollen,  fahren  entweder  Ende  Mai  oder  Anfang  Juni  ab.  Die  Fahr- 
ten  der  Dampfer  beginnen  Mitte  Mai,  obwohl  zuweilen  bis  zum 
Juni  Eis  im  Halse  des  Weissen  Meeres  den  regelmassigen  Verkehr 
hindert.  Den  ganzen  Weg  von  St.  Petersburg  bis  zur  Station  kann 
man  in  f  iinf  Tagen  zuriicklegen. 

Fur  Auslander  ist  wohl  die  Fahrt  iiber  Norwegen  nach  Vardo 
naher  und  bequemer.  Sie  konnen  sich  Freitags  auf  dem  Dampfer 
in  Vardo  einschifTen  und  sind  bereits  am  Sonnabend  in  der  Station. 

So  ist  es  mit  der  Reise  im  Sommer.  Im  Winter  horen  die  Fahrten 
von  Archangelsk  auf,  da  das  ganze  Weisse  Meer  mit  Eis  bedeckt  ist 
Dagegen  bleibt  der  Verkehr  mit  Norwegen  zwischen  Alexandrowsk 
(Jekaterinen-Hafen)  und  Vardo,  allerdings  niur  einmal  monatlich 
un  unterbroehen.  Daher  ist  die  Reise  dahin  im  Winter  auch  fiir 
Russen  iiber  Norwegen  bequemer,  und  zwar  mit  der  Bahn  bis 
Trondhjem  oder  bis  Narvik  und  weiter  iiber  Hammerfest  bis  Vardo. 

Die  ausseren  Bedingungen  der  Arbeiten  auf  der  Station  und  die 
der  Fahrt  dahin  habe  ich  oben  erwahnt.  Im  folgenden  werde  ich  mit 
einigen  Worten  die  Frage  besprechen,  die  fiir  jeden  Biologen  von  gross- 
ter  Wiehtigkeit  ist,  namlich  die  Frage  betreffs  des  Reichtums  und  des 
Charakters  der  dortigen  Fauna.  Allein  ich  will  nicht  iiber  den  Cha- 
rakter  der  Fauna  des  gesammten  dort  angrenzenden  Meeres  sprechen, 
da  dies  bereits  im  allgemeinen  von  verschiedenen  Forschem  und  be- 
sonders  durch  umfangreiche  Arbeiten  der  Expedition  fiir  Wissensch.- 
prakt.-Untersuchungen  an  der  Murman-Kiiste  behandelt  worden  ist 
Ich  werde  nur  die  Fauna  beriihren,  die  wir  in  der  nachsten  Umgebung 
der  Station  antreffen  und  deren  Representanten  wir  zu  jeder  Zeit  auf 
der  Station  erhalten  konnen.  Die  Untersuchung  dieses  Materiak 
bildete  den  Gegenstand  besonderer  Sorge  fiir  die  Station,  und  es  ist 
von  ihr  gerade  in  dieser  Richtung  eine  Reihe  spezieller  Arbeiten  un- 
ternommen  worden.  Das  Meer  in  der  Umgebung  der  Station  haben 
wir  in  vier  Teile  geteilt,  von  denen  wir  je  400  gleiche  Exemplare 
von  Karten  mit  Tiefen  Bezeichnungen  haben  herstellen  lassen.  Auf 
diesen  Karten  bezeichnet  man  den  Fundort  der  gefangenen  Meeres- 
tiere  mit  besonderen  Zeichen.  Fiir  jedes  einzelne  Grenus  od«r  jede 
verwandte  Gruppe  der  Genera  ist  fiir  jeden  der  4  Meeresteile  eine 
Karte  bestimmt.  Ausserdem  zeichnet  man  auf  vier  anderen  von 
diesen  Karten  die  Stellen,  wo  die  Trawls  oder  Dretschen  ins  Wasser 
gelassen  und  aus  ihm  wieder  herausgezogen  werden.  Der  Charakter 
des  Meeresbodens  wird  ebenfalls  auf  Karten  notirt.  Die  gefan- 
genen Seetiere  werden  entweder  von  den  dortigen  Forschem  bestimmt 
oder  man  sendet  sie  an  verschiedene  russische  oder  auslandische 
Specialisten. 

Dank  diesen  systematischen  Forschungen  und  Bezeichnungen  auf 
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den  Karten  ist  nicht  nur  das  leichte  Wiederfinden  schon  friiher 
gefangener  Seetiere  unabhangig  von  dem  Wechsel  des  Stationsper- 
sonals,  fiir  die  Zukunft  gesichert,  sondern  man  gewinnt  gleichzeitig 
ein  Bild  der  Verbreitung  der  verschiedenen  Seedere  im  Verhaltniss 
zur  Beschaffenheit  des  Meeresbodens  —  des  Reliefs  und  der 
Grundsubstanz. 

Trotzdem  die  Murmansche  Biologische  Station  erst  seit  kurzem 
ihre  Tatigkeit  entfaltet  hat,  zeigt  sich  schon  jetzt  die  Physiono- 
mie  der  Fauna  der  benachbarten  Meeresteile.  Die  ganzen  Eigen- 
tiimlichkeiten  dieser  Meeresfauna  kommen  von  der  Nahe  des 
Golfstromes  her. 

Diese  machtige  warme  Stromung  teilt  sich  an  den  Ufem  Nor- 
wegens  im  72°  nordlicher  Breite  in  zwei  Teile.  Mit  einem  seiner 
Zweige  wendet  sie  sich  nach  den  Spitzbergen,  mit  dem  andern  dringt 
sie  zwischen  den  Barinsel  und  dem  Nordcap  in  das  Murmansche 
(-Barents)-Meer  ein.  Infolge  der  Bodengestalt  des  Meeres  fliesst 
dieser  Strom  facherformig  weiter.  Der  siidlichste  Zweig  geht  par- 
allel der  Murman-Kuste  in  175  Km.  Entfernung,  weicht  im  Osten 
durch  Kanin-Sandbank  nach  Norden  ab  und  stosst  auf  "Novaja- 
Semlja."  Dieser  Zweig  ist  es,  der  einer  ungeheuren  Einfluss  auf  die 
Beschaffenheit  der  Fauna  in  den  benachtbarten  Gfebieten  des  Eis- 
meeres  ausiibt.  Im  allgemeinen  kommt  es  mir  nur  zu,  iiber  den 
Charakter  der  Fauna  einzelner  Teile  des  Kola-Fjords  zu  berichten, 
weil  iiber  ihre  Grenzen  hinaus  die  Arbeiten  der  Station  bis  jetzt  noch 
nicht  reichen.  Bekannt  ist  es,  dass  sich  die  Polarmeere  gewohnlich 
durch  niederere  Temperaturen,  die  unter  0°  C.  fallen,  und  durch 
geringeren  Salzgehalt  (32,00  %o-34,60  %o)  cbarakterisieren.  Der 
Golfstrom  bringt  nun  hierher  warmeres  Wasser,  das  auch  mehr 
Salzgehalt  hat  (34;00  %o-35,00  %c).  Dadurch  stort  er  hier  das 
Gleichgewicht  des  Salzgehaltes  und  verandert  die  gewohnlichen 
arctischen  Beziehungen  der  Temperaturamplituden. 

In  der  Nahe  des  Golfstromes  fallen  im  Murmanschen  Meere  die 
Temperaturen  des  Wassers  nicht  unter  0°  C,  so  dass  das  Meer  stets 
frei  von  Eis  ist. 

Selbstverstandlich  ist  es,  dass  solche  Besonderheiten  im  Salzge- 
halt und  den  Temperaturen  auf  die  Beschaffenheit  der  Fauna  nicht 
ohne  Einwirkung  bleiben  mussten.  In  diesen  wenigen  Jahren  der 
Tatigkeit  der  Murmansche  Station  ist  es  ihr  bereits  gelungen  mehr  als 
500  gefangene  Tierarten  zu  bestimmen ;  und  diese  zeigen  geniigend 
die  Physionomie  der  Meeresfauna  in  der  Umgebung  der  Station. 

Jetzt  konnen  wir  bereits  aus  beiligendem  Verzeichniss  der  Tier- 
arten erkennen,  dass  diese  Fauna,  wie  wir  ja  erwarten  mussten,  ge- 
mischten  Charakter  hat.  Die  warme  Stromung  des  Golfstroms  hat 
eine  ganze  Reihe  westlicher  Tierarten  mit  sich  gebracht,  und  zwar, 
sowohl  auf  den  Boden  lebende  Tiere,  als  auch  pelagische. 

So  gehOren  zu  den  Tierarten  westlicher  Herkunft  unzweifelhaft 


Digitized  by 


Google 


882      Vn.    INTERNATIONAL  ZOOLOGICAL  CONGRESS 

von  den  Bryozoen  Tessarodoma  gracUe,  der  Krebs  Poniophiltts  nor- 
vegicus,  von  Cephalopoden  Octojms  bairdi,  von  Fischen  Gadtts  met- 
langusy  Orcynnus  thynnuSy  und  einige  Tierarten. 

Von  den  Vertretern  der  arktischen  Fauna,  die  hier  zusammen  mit 
den  vorher  genannten  leben,  will  ich  nennen :  die  Bryozoen  Paevdo- 
flvMra  solida,  Porella  saccata,  Smittia  majiLscida,  RhamphostomeUa 
u.  a.  mehr,  verschiedene  Decapoden,  Mollusken  (Buccinum  ienue, 
Pleuroleura  walteri  u.  a.),  Echinodermen  (Mynotrochus,  Eupyr- 
gus),  Fische  (Gadtts  saida  u.  a.).  Sogar  ganze  Gruppen  nehmen 
diesen  oder  jenen  Charakter  entweder  der  vorherschenden  borealen 
oder  der  arktischen  Arten  an.  So  z.  B.  iiberwiegen  in  den  Bryozoen 
und  Decapoden  die  arktischen  Arten,  in  den  Mollusken  und  Anne- 
liden  jedoch  —  mehr  die  borealen. 

In  der  pelagischen  Fauna  haben  wir  ebenfalls,  nach  Beobac- 
tungen  des  Herm  A.  Linko,  neben  solchen  typischen  arktischen 
Arten,  wie  z.  B.  die  Krebse  Calarus  hyperboreits,  Oncaea  conifera, 
und  die  Medusen  Aeginopsis  laurerUii  und  Sarsia  flammea,  boreale 
Krebse,  wie  Metridia  longa,  Oithona  pLumifera  und  die  Meduse 
Melicertum  campaniUa.  Infolge  des  gleichen  Einflusses  des  Golf- 
stroms  ist  notwendiger  Weise  auch  der  Charakter  der  Fauna  in  ver- 
schiedenen  Teilen  des  Murmanschen  Meeres  ziemlich  mannigfaltig. 

Der  Einfluss  des  Golfstroms,  der  im  Osten  von  der  Kiiste  Lapp- 
lands  mehr  und  mehr  nach  Norden  zu  abweicht,  wird  demgemass  auf 
die  anliegenden  Kustengegenden  auch  schwacher.  Wenn  wir  also  die 
hydrologischen  Bedingungen  und  den  Charakter  der  Fauna  an  den 
verschiedenen  Stellen  des  Murmaschen  Meeres  in  der  Richtung  von 
Westen  nach  Osten,  d.  h.  von  der  Grenze  Norwegens  nach  dem 
Hake  des  Weissen  Meeres,  untersuchen  wiirden,  so  wiirden  wir  von 
Stellen  des  Meeres  mit  warmerem  und  salzhaltigerem  Wasser  nach 
und  nach  zu  Stellen  mit  kalterem  und  weniger  salzhaltigem  Wasser 
gelangen.  Demnach  werden  die  westlichen  borealen  Arten,  die  der 
Golfstrom  hierher  mitgebracht  hat,  allmahlich  von  den  arktischen 
Arten  verdrangt.  Zur  vollstandigeren  Charakteristik  der  Physiono- 
mie  der  Fauna  in  dem  Kola-Fjord,  muss  man  noch  nachweisen,  dass 
hier  solche  typische  arktische  Bewohner,  wie  Gadus  navaga,  ganz 
fehlen. 

Die  Murmansche  Biologische  Station  in  dem  Kola-Fjord  nimmt 
nun  an  der  Kiiste  Lapplands  die  mittlere  Lage  ein;  sie  liegt,  wie  ich 
vorher  erwahnte,  unter  gunstigen  Bedingungen  fiir  die  Erlauterung 
der  wichtigen  Frage,  welche  die  Vermischung  der  Faunen  und  die 
damit  verbundenen  biologischen  Erscheinungen  betrifft. 

Obgleich  die  Murmansche  Biologische  Station  erst  vor  kurzem 
mit  ihrer  Tatigkeit  auf  ihrem  neuen  Platze  begonnen  hat  und  fiir 
allgemeine  Schliisse  und  weite  Verallgemeinerungen  es  jetzt  noch 
nicnt  an  der  Zeit  ist,  so  war  doch  die  Station  mit  alien  ihren  Kraften 
bestrebt,  die  Fragen  zu  beleuchten,  welche  sich  bd  der  Untersuchung 
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des  Lebens  im  nordischen  Eismeere  aufwerfen,  und  den  Boden  und 
das  Material  fiir  kiinftige  Forscher  vorzubereiten. 

Wir  wiirden  uns  freuen,  wenn  auch  auslandische  Gelehrte  unsere 
nordische  Station  besuchen  und  ihre  Miihe  und  ihre  Kenntnisse  auf 
die  Losung  versehiedener  hochstinteressanter  Fragen  der  Biologie 
des  Meeres,  die  mit  besonderen  ortlichen  hydrologischen  Bedin- 
gungen  verkniipft  sind,  verwenden  wiirden. 


Verzeichniss  der  in  der  Umgebung  der  Murmanschen 
Biologischen  Stationgefundenen  Tierarten, 


Rhisopoda  (nach  S.  Awei^zew). 
AUogromia  ovoideay  Rhumbl. 
Astrorkiza  arenariaj  Norm. 

crassatinaf  Brady. 

Saccamina  8p?iaerica,  M.  Sara. 

difflugiformiSf  Brady. 

Proteonina  fusiformiSj  Will. 

nov.  sp. 

Tholosina  buluif  Brady. 

WebineUa  hemisphaerica,  P.  &  I.,  Brady. 

Rhabdammina  linearis,  Brady. 

abyssorum,  M.  Sare. 

discreta,  Brady. 

Hippocrepina  indivisaf  Park. 
Hiperammina  dongatay  Brady. 

svJtmodosay  Brady. 

laccdella  obtusa,  Brady. 
Cornuspira  involvenSf  Reuss. 
Nodidina  scormuray  Montf. 

Jlexibuis.  Schlumb. 

scoUii,  Cfhaster. 

nov.  sp. 

Biloculina  simplex.  d'Orbg. 

elongataf  d  Orbg. 

MUiolina  pyriformis,  Schlumb. 
seminulum,  L. 

XtinanSy  P.  &  I. 
bictdaris,  d'Orbg. 

inomaUiy  d'Orbg. 

Textularia  trochtis,  d'Orbg. 
Spiroplecta  biformiSy  P.  &  I. 
Valvuiina  conicay  P.  &  I. 
Bulimina  eUipsoides,  Costa. 

subteres,  Brady. 

elegantissimay  d'Orbg. 

Virgtdina  schreibersiana.  Czjzk. 
Uvigerina  angvlosay  Will. 

tenuistriata,  Reuss. 

pigmaeay  d'Orbg. 

Bolivina  punctakiy  d'Orbg. 

nitiday  Brady. 

CassidiUina  laevigaUiy  d'Orbg. 

crassay  d'Orbg. 

Nodosaria  pauperata,  d'Orbg. 

solxday  Reuss. 

laevigaJtay  d'Orbg. 

Lagena  distoma,  Brady. 


Lagena  squamosay  Montag. 

svlcatay  Walk.  &  Boys. 

Cristetlaria  crepidvlay  F.  &  M. 
Polymorphina  compressa,  d'Orbg. 

lacteay  d'Orbg. 

sororia,  Reuss. 

Haplophragmium  canariensBy  d'Orbg. 

cassisy  Park. 

glomeraiumy  Brady. 

globigerini'formey  P.  &  I. 

Discorbina  globidariSy  d'Orbg. 
Truncatidina  lobaiiday  W.  &  B. 

reftdgens,  d'Orbg. 

Pidvintdina  karsteni,  Reuss. 
Globigerina  bidloideSy  d'Orbg. 
Pvlenia  Miqudoculinay  d'Orbg. 
Patellina  cormgaUiy  Will. 
Nonionina  umbUuxUiday  Mont. 

depressiday  W.  &  I. 

scapha,  F.  &  M. 

steUigerOy  d'Orbg. 

PolystomeUa  striatopunctata,  F.  &  M. 

subnodosa,  Miinst. 

crispay  L. 

Operadina  ammonoides,  Gronow. 
Reophaz  scottU,  Chart. 

Badiolaria  (nach  A.  Linko). 
Acardhometron  pdlucidumy  J.  Miill. 
Pledophora  araehnoides  (CI.  &  Lachm.). 

Oiliata  (nach  A.  Linko). 
Amphorella  ampUiy  Jorg. 

ussowiy  Merejkowsky. 

Cyttarocylis  derUicidata,  Ehbg. 

var.  media.  Brandt. 

PaxiUina  ardicay  CI. 
Ptychocylis  ardicay  Brandt. 

obtusa,  Brandt.' 

umiday  CI.  &  Lachm; 

J'intinnopsis  beroideay  Stem. 

karajacensiSy  Brandt. 

nitiday  Brandt. 

ventricosa'y  CI.  &  Lachm. 

Tinlinnus  acuminatus,  CI.  &  Lachm. 
boUnicus,  Nordg. 
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Spongia 

Leucosolenia  nanseniy  Breitf . 
Spongdia  avard,  O.  Schmidt  (?). 
Polymastia  hemisphaerica  (Sara.)- 
Artemiaina  axcigeraj  O.  Schmidt. 
Tentorium  semisvberites,  O.  Schmidt. 
Sycon  raphanus,  O.  S 

Hydroioa 
Hydroidea  (nach  A.  Schidlowskt). 

Sertularia  pumiUtf  (L.). 
Tvbularia  coronata. 
Obdia  aolowdzkiana,  Schid. 
Gonothyrea  loveniy  Allm. 
Hcdedum  muricatvmy  Ell.  &.  Sol. 
Endendriumf  sp.? 
Campeanidaria  flexuosaf  Hinks. 
OpercidareUa^  sp.? 
CalyceUa  synnga. 

Medusae  (nach  A.  Linko). 

Aeginopsis  laurentii^  Brandt. 

Aeoiufreaf  sp.? 

AglarUa  diffUaliSy  MQll. 

Catablema  campantda,  Hckl.,  var. 

Euphysa  auratay  Forb. 

Hippocrene  supercUiaris,  L.  Ag. 

Mdxcertum  campanuUiy  A.  Ag.,  var. 

Obdia  IticiferOf  Forb. 

Ptychogastria  (PectyUis)  polaris,  Allm. 

Raihkea  S-pundata,  Hckl. 

Sarsia  flammeay  Hartl. 

tvbidosa,  Less. 

Stauroatoma  ardica,  Hckl. 
Tiara  coniferay  Hckl. 

Siphonophora 

Diphyes  ardica^  Chun. 


Acalepha 


Sc3n[>hoioa 


Cyanea  ardicOy  Per.  A.  Les. 
Atardia  auritay  Sam. 

Anthoioa 

Adinoloba  diarUhtut. 
Chondradinia  nodosa  (Fabr.). 
Adinia  equina. 
Eunepthya  fruticosay  Sars. 

Otenophora 

Beroe  (?  cucumis,  Fabr.). 

Bolina  (f  infundibulumy  O.  F.  MOll.). 

Ttirbellaria  (nach  L.  von  Graff). 

Aphanostoma  rhomboides  (Jens.). 
Convoluta  convoluta  (Abildg.). 
fiavibacUlum  (Jens.). 


Prozenetes  flabeUifer  (Jens.)- 
Promesostoma    marmoraium    (M- 
Schultze). 

murmanicumy  Graff  (n.  sp.). 

MakrerUhalia  agilis  (Levins.). 
Provortes  baUicus  (M.  Schultze). 
Jensenia  angulaia  (Jens.). 
Hyporcus  breitfussi  (Jens.). 
Acrorhynchus  caledonicus  (Clap.). 
Polycustis  crocea  (O.  Fabr.). 
Pseuaostomum  quadrioculatum  (Leuck). 
Monocodisfusca  (Oerst). 
Procerodes  uLvae  (Oerst). 
Uteriporus  vulganSy  Bdgl. 
Leptoplana,  sp.? 

Nemertiiii  (nach  S.  Rosanoff). 
Cephalotkrix  lineariSy  Rathke. 
Tetrastemma      (Prostoma)      candidttm, 

MuU. 
Tdrastemmay  sp.7 
Amphiporus  Uidifloreus,  Johnst. 

sp.  nova. 

Lineus  gesserensis  (ruber)  y  MQll. 
CerdrraJUdus  borealisy  Dies. 
4  sp.  novae. 

Nematodes  (nach  S.  Saweljeff). 

Enoplus  communis,  Bost. 

brevisy  Bost. 

Oncholaimus  vulgaris,  Bost. 

fuscuSy  Bost. 

Thoracostoma  denticuUUumy 
Symplicostoma  longicolley  Bost. 
Sphaerolaimus  hirsutus,  Bost. 
Tripyloidesy  sp.? 
CyatkolaimuSy  sp.? 
SpUophoray  sp.? 
(Jhxomadoray  sp.? 
Monhysteray  sp.? 
Phanodermay  sp.? 
ArUicomay  sp.? 

Ohaetognatha 

Sagitta  bipundata  (Quo!  &  Gaim). 

Annelides  (nach  M.  Solowjeff). 

Harmothoe  imbricatay  L. 

nodosay  Sars. 

rarispinay  Sars. 

sarsiy  Kihb. 

Lepidonotus  squamatuSy  L. 
Nychia  drrosay  Pall. 
Glycera  capikUay  Oerst. 
Nephtys  ciliatay  MOU. 
Lumbrinereis  fragilisy  Milll. 
Onuphis  conchyUgay  Sars. 
Nereis  pdagicay  L. 

zoriotay  Mgm. 

Cirratulus  drratus,  MflU. 
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Aricia  quadricuapidaf  Oerst. 
Ammo^pane  aidogaster  Rathke. 
Travisia  jorbesij  Johnst. 
Ophelia  limacinaf  Rathke. 
Stylarioides  plumosay  Mtdl. 
Brada  granulosa,  A.  Hansen. 

aranxdata,  Mgm. 

Arenixxia  marina,  L. 
Axioihea  catenata,  Mgm. 
Nicomache  lumbncalia,  Fabr. 
Maldane  sarsi,  Mgm. 
Pectinaria  kyperborea,  Mgm. 
Am^harete  arctica,  Mgm. 
Lystppe  labiata,  Mgm. 
Polyctrrus  albicans,  Mgm. 

smiUi,  Mgm. 

TerebeUides  stromi,  Sars. 
Thelejms  circinnatus,  Fabr. 
Amphitrite  cirrata,  MOll. 
Leaena  abranchiata,  Mgm. 
Sabella  fabridi,  Kr. 
Chone  ir^undibidiformis,  Kr. 
Euchone  rubella,  Ehl. 
Dasychone  infarda,  Kr. 
Myxicola  steenstrupi,  Kr. 
Prottda  media,  Stimpe. 

Oephyrei  (nach  A.  Skorikopp). 

Phascolosoma  hanseni,  Kor.  et  Dan. 

margarUaceum,  M.  Sars. 

eremita,  M.  Sars. 

Phascdion  spitzbergense,  Theel. 
Priapvlus  priapus,  L. 
Haltcryptus  sptntuosus.  Sieb. 
Echiurus  echiurus.  Pall. 

Brachiopoda 

Waldheimia  cranium,  Gray. 
Terebraivlina  capidserpentis,  D'Orb. 
Rhynchonella  pstttacea,  Gm. 

Bryoioa  (nach  H.  Eluqe). 

ECTOPBOCTA. 

Gemellaria  loricata,  L. 

Menipea  temata,  var.  gracilis,  Sm. 

ScrupoceUaria  scabra,   var.  paenuUUa, 

Norm. 
Caberea  eUisii,  Flem. 

eZon{7ato,  Nordg. 

harmsworthii,  Wat. 

murrayana,  typ.  Johnst. 

var.  fruticosa,  rack. 

Kinetoskias  arborescens,  Kor.  et  Dan. 
Flustra  membranaceo-truncaia,  Sm. 

securi/rons,  Pall. 

Pseudoflustra  solida,  Stimps. 

var  /iindwi. 

Membranipora  craiicula,  Aid. 

linsata,  L. 

Tessarodoma  gracUe,  M.  Sars. 


SckuBopordla  dmwoodiae,  Wat. 

harmsworthii.  Wat. 

lineata,  Nordg. 

crtiento,  Norm. 


•  porifera,  Hincks. 


Myriozoum  coardatum,  M.  Sars. 
Hippothoa  hyalina,  L. 
CrtbrUina  annulata,  var. 

spUsbergensiSy  Norm. 

iiMi^n,  Anders. 

Lepralia  spathxdifera,  Sm. 
PoreUa  compressa,  Sow. 

soccoto,  B. 

pmstomoto,  Nordg. 

struma,  Norm. 

»mi«t,  Kl. 

normani,  Kl. 

tiTUi,  Iiincks. 


PalmiceUaria  skenei^oX.,  var.  tridens,  B. 
Smitfia  majuscula.  Sm. 

jeffreysii,  Norm. 

Umbonula  patens,  Sm. 
Escharoides  rosacea,  B. 

sarsii,  Sm. 

MucroneUa  appensa,  Hass. 

labiata,  Boeck. 

pavondla,  Aid. 

airtcera,  Sm. 

stenostoma,  Sm. 

Retepora  beaniana^  King. 

ceUtiZosa,  L. 

e^on^oto.  Sm. 

Rhamphostomeua  radiahda,  Hincks. 

scabra,  Fabr. 

Cellepora  incrassata,  Sm. 

wnMcosa,  Lor. 

nodulosa,  Lor. 

nordgaardi,  Kl. 

Cmia  gentcmata,  Sm. 

ardica,  M.  Sars. 

sp.? 

Idmonea  adaniica,  Forb. 

Diastopora  obdia,  Jonst.,  var.  arctica, 

Wart. 
Reticulipora  intricaria,  Sm. 
Stomatopora  diastoporides.  Norm. 
Tvbulipora  flabeUaris,  Faor. 

penidUata,  Fabr. 

ventricosa,  B. 

sp.? 

Homera  lichenoides,  L. 
Licheru)pora  hispida^  Flem. 

verrucaria,  L. 

Defrancia  lucemaria,  M.  Sars. 
Aicyonidium  hirsvium,  Flem. 
Flustrella  hispida,  Fabr. 
Boioerbankia  arctica,  B. 

Ebdopbocta. 

Barentsia  gracilis,  Sars. 

ma/or,  Hincks. 

Loxosoma  nitschei. 
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Omstacea 

Oopepoda  (nach  A.  Linko). 

Acartia  longiremis  (Lilljeb.)- 

dausi,  Giesbr. 

Calantts  finmarchicus  (Guzin.)- 

hyperboreuSf  Kr. 

Centropages  hamatuSf  Lilljeb. 

typicus,  Kr. 

Harpacticus  uniremis,  Kr. 
Idyafwrcata  (Baird). 
Metndia  longa  (Lubb.). 
MicroseteUa  aJdantica^  Br.  et  Rob. 
Oithona  plumiferay  Baird. 

similiSf  Claus. 

Oncaea  conifera^  Giesbr. 

miniUa,  Giesbr. 

Pseudocalanus  dongcUuSf  Boeok. 
Rhincalanus  nastUiis,  Giesbr. 
Temora  longicomis,  MUll. 
ThaumaleuSf  sp.? 

Oirripedia 

Balanus  balanoideSf  L. 
■  porcattLSf  Da  Costa. 

Phyllopoda 

Evadne  nordmanni^  Loven. 
Podon  leucartif  G.  O.  Sars. 

Ostracoda 

PhiiomedeSf  sp.? 

Amphipoda  (nach  E.  von  der  Brug- 

gen). 
Hyperia  gaJba^  Mont. 
Euthemisto  compressa,  Goes. 

bispinosa,  Boeck. 

Parathemisto  oblivia.  Kr. 
Hyale  nilsoni,  Rathke. 
Socames  vahli,  Kr. 
Aristias  tumidus,  Kr. 
Ambasia  murmanica,  BrQg. 
Tryphosa  nanoides,  Lillj. 
Anonyx  nugax,  Phipps. 
Onesimus  edwardsii,  Kr. 
OrchomeneUa  minuta,  Kr. 
Harpinia  neglecta,  G.  O.  Sars. 
Phoxocep?ialu8  hotbdUif  Kr. 
Pontoporeia  femorata,  Kr. 
Argissa  typica,  Boeck. 
Ampelisca  macrocephaUif  Lillj. 

eschrichtiif  Kr. 

Haploops  tid>icolay  Lillj. 
Byolis  gaimardii,  Kr. 
Stegocenkalus  injlatuSj  Kr. 
AmphUochus  manudenSf  Sp.  Bate. 
Paroediceroa  lynceus^  M.  Sars. 
Monocidodea  talimanusy  Goes. 

horealisy  Boeck. 

tessdatus,  Schneider. 


Aceros  phyllonyXf  M.  Sars. 
Pleustea  panomus^  Kr. 
Sympleustea  glaber,  Boeck. 
N^eopleustea  assimUiSf  G.  O.  Sars. 

ptdcheUay  Kr. 

Epimena  laricatay  G.  O.  Sars. 
Paramphitoe  cuspidcUa.  Lepech. 
Pardahsca  cuspviataf  Kr. 
Rhachotropis  aculeaUiy  Lepech. 

macTonyXf  G.  O.  Sars. 

Apherusa  megalops.G.  O.  Sars. 

tridentatay  Bru2. 

GamareUus  ?iomari,  Fabr. 

angtdosat  Rathke. 

Gammarua  locusta^  L. 
LUljeborgia  paUidiif  Sp.  Bate. 
Protomedeia  fasciaiaf  Kr. 

grandimana^  BrQg. 

Gammaropsis  mdanops,  G.  O.  Sars. 
Amphithoe  rvbricata,  Mont. 
Ischyroceros  mintUti8f  Lillj. 
Unciola  planipes,  Norm. 
Corophium  crassicomey  Brus. 
Caprella  septentrionaliSy  Kr. 

Isopoda  (nach  E.  von  deb  Bruggen). 
Calathura  brachiata,  Stimp. 
Gnathiaf  sp.? 
Idothea,  sp.? 
Jaera  marinay  Fabr. 
Aega  psora,  L. 

Schisopoda  (nach  A.  Linko). 
Rhoda  inermiSy  Kr. 

raachii  (M.  Sars). 

Parerytkrops  robusta  (Smith). 
Stylomysis  grandis  (Go6s) . 
Praunus  inermis  (Rathke). 

flexuosus  (Mull.). 

Mysia  oculata  (Fabr.). 
mixtay  Lillj. 

Leptostraea 

Nebalia  bipea  (Fabr.). 

Oumacea  (nach  K.  Derjugin). 
Diaatylia  goodairi  (Bell.). 
rcUhkii  (Kr.). 

Decapoda  (nach  K.  Derjugin). 
Pandalua  borealia,  Kr. 
Crangon  boreaa,  Phipps. 
PontophUua  norwegicuSy  M.  Sars. 
Sabinea  aepterncarinatay  Sabine. 
Hippclyte  ^aimardi,  M.  Edw. 

phippaiy  Kr. 

apinua,  Sow. 

voUxriay  Sabine. 

oorealiSy  Owen. 

Eupagwrua  pubeacenay  Kr. 

Hyaa  araneuSy  Linn.,  var.  AoeArt,  Bir. 

co<trctatat  Leach. 
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Echinodermata  (nach  M.  Michailow- 

SKY  UND  M.    KaLISCHEWSKY). 

Cucumaria  frondosa  (Gunner.). 

ccUcigera  (Stimpson). 

Psoitis  phantapus  (Strussenfeldt). 

fabricii  (DQben  et  Koren). 

Eufyrgus  scaler,  LOtken. 
Chxndota  laevis  (Fabr.) 
Myriotrochus  rirJcii,  Steenstrup. 

Echinoidea 

StrongylocerUrotus  droebachiensis,  O.  F. 

MQU. 
Asteroidea 

Ctenodiscus  crispatus  (Retzius),  forma 

brevimana,  Kal. 
Regaster  tumidus  (Stuxberg.),  var.  tur 

oercidatus  (Sladen). 
Crossaster  papposus  (L.). 
Solaster  endeca  (Retzius). 
Pteraster  milUaris  (O.  F.  Milller). 

pulviUus,  M.  Sars. 

CribreUa  sanauinolenta  (Miiller). 
Asterias  linckii  (MQller  &  Troschel). 

rvbenSy  L.,  var.  violaceay  Perr. 

Ophiura  sarsiy  LOtk. 
Ophiopkolis  aculeata  (L.). 
Ophiocantha  bidentata  (Retzius). 
Ophioscolex      gladalisj       Mailer       & 

Troschel. 
Gorgonocephalus   eucnemis    (Mailer    & 

Troschel). 
agassiziy  Stimpson  (?  ). 

Orinoidea 

Antedon  esckrichti,  I.  Mall. 

Pantopoda  (nach  W.  Schimkewitsch)  . 

Pycnogonum  littordley  Strom. 
PseudopaUene  circularise  Goodsir. 
Chaetonymphon  spinosum  (Goodsir)  = 

Ch.  hirtipes  (Bell.). 
Nymphon  strdmiiy  Kr. 

Umgitarse  (Kr.). 

grossipes  (Gubs.),  var.  mixtum 

(Kr.). 

Mollusca  (nach  N.  Knipgwitsch). 

Amphineura 

Chiton  mamwretts,  Fabr. 

ruber,  L. 

albus,  L.,  var.  infuscatus,  Sp. 

Sch. 
Gasteropoda 
PunctureUa  noachina,  L. 
Acmaea  virginea,  Mall. 

testudinalis,  MOll. 

Lepeta  coeca,  Mall. 

Margarita  groerdandica,  Chemn. 

V.  umbilicalis,  Brod.  &  Sow. 


Margarita  cinerea.  Couth. 

helicina,  Phipps. 

SolarieUa  varicosa,  Migh.  &  Ad. 

obscura,  Courth. 

Natica  dausa,  Brod.  &  Sow. 

gramlandica,  Beck. 

Vdutina  haliotoides,  Fabr. 
Onchidiopsis  glacialis,  M.  Sars. 
Trichotropis  conica,  Moll. 

borealis,  Brod.  &  Sow. 

Trochits  occidentalisy  Migh. 
Neptunea  lachesis,  Mrch. 

latericea.  Mall. 

despecta,  L.,  var.  carinata.  Lam. 

Bucdnum  undatvm,  L. 

tenue,  Gray. 

groerUandicum,  Chenm. 

Tropfion  dathratus,  L. 

var.  gounneri,  Lov. 

truncaius  f.  typica,  Str6m. 

Admete  viriduLa,  Fabr. 
Beta  nobilis,  Mont. 

bicarinata,  Couth.,  var.  violacea, 

Migh. 

harpuLaria,  Couth. 

rugtdata,  Trosch. 

pyramidalis,  Strom. 

trevdyana,  Turt. 

dedivis,  Lov. 

Scalaria  groerdandica,  Chemn. 
Littorina  littorea,  L. 

rudiSy  Met. 

paUiata,  Say. 

obtusata,  L. 

Lacuna  divaricata,  Fabr. 

vaUidida,  Da  Costa. 

Rissoa  (Onoba)  acideus,  Gould. 
Skenea  planorbis,  Fabr. 
Purpilra  lapiUus,  L. 

L.,  var.  imbricata. 

Hydrobia  vlvo^,  Penn. 

Cylichna  alba,   Brow.,   var.    corticata, 

Beck. 
Acanthodoris  pilosa,  Mall. 
Doris  obvelata,  Mall. 
Triopa  lacer,  Mall. 
CorypheUa  rufibranchialis,  Johnst. 
PhUine  quadrata,  Wood. 

lima,  Brown. 

LimaporUia  capUata,  Mall. 
Dendronotus  arborescens,  Mall. 

robustus,  Verril. 

Pleuroleura  walterif  Krause. 

Scaphopoda 

Dentalium  entale,  L. 
Siphonodentalium  vitreum,  M.  Sars. 

Lamellibranchiata 

Nucvla  tenuis,  Mont. 
Leda  pemvla.  Mall. 
var.  minuta,  MttU. 
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Aplidium  flavum,  Huitfeldt-Raas. 
Amaroticium  translucidum,  Ritt. 

mviabile,  Sara. 

Dendrodoa  kukenthalij  Hartm. 
DUtaplia  davata  (Sara.). 
Leptodinum  roseum  (Sara.)- 
Didemnopsis  variabUe  (Huitf.). 


Joldia  intermedia,  M.  Sara. 

leniicuUiy  Moll. 

lucidGf  Lov. 

kyperborea,  Lov. 

Dacridium  vttreum,  M6ll. 
Area  gladalisy  Gray. 
Cyprina  islaridicaf  L. 
MytUus  eduLis,  L. 
Modiolaria  laevigata,  Gray. 

nigra,  Gray. 

Modiola  modiolus,  L. 
Anomia  ephippium,  L. 

—  var.  acuLeata,  L. 

Pecten  islandicua,  MtiU. 

groerUandicus,  Sowerb. 

TeUina  haUica,  L. 

calcarea,  Chemn. 

Cardium  cUiatum,  Fabr. 

fasdatum,  Mont. 

groerdandicum,  Chemn. 

deganttdum,  Beck. 

Saxicava  arctica,  L. 
Mya  truncata,  L. 

var.  uddevalensia. 

Axinus  flexuoaus,  Mont.,  var.  g^^h 

Astarte  crebricostata,  Forb. 

banksi.  Leach. 

compressa,  L. 

borealis,  Chemn. 

Naeera  arctica,  M.  Sara. 
subtorta,  G.  O.  Sara. 

Cephalopoda 

Rossia  glaucojyis,  Lov. 
Octopus  hairdii,  Verril. 

Tunicata  (nach  W.  RedikorzAw). 

FritiUaria  borealis,  Lohm. 
Oikoplenra  labradoriensis,  Lohm. 
Halocynthia  ardica  (Hartm.). 

aurantium  (rail.). 

Styda  loveni  (Sara.). 

rustica,  L. 

finmarkiensis  (Kiaer.). 

Polycarpa  pomaria  (Sav.). 
Ciona  intestinalis.  L. 
Ascidia  obliqua,  Alder. 

prunum,  Miill. 

—  dijmphniana  (Tra-ust.). 

Chelyosoma  madeayanum,  Brod.  &  Sow. 
Sarcobotrylloides  aureum,  Sara. 
Distomus  cristaUinus,  Ren. 


Pisces     (nach 

SOLDATOPF). 

Sehastes  marinus, 


K.     Derjugin,    W. 


L.,  var. 


norvegicus, 
Aec. 


Icdus  hamatus,  Krojrer. 
Triglops  pingdi,  Remh. 
Centridermichihys  uncinalus,  Remh. 
Cottus  scorpius,  L, 

bubalis,  Euphr. 

GymnocarUhus  ventralis,  Cuv. 
Agonus  decagonus^  Blainv. 
Centronotus  [Pholu)  guneUus,  L. 
Enchdyopus  {Loarces)  viviparus,  L. 
Lumpenus  lampretiformis,  Walb. 

macidatus,  B.  Fries. 

fabricii,  Cuv.  et  Val. 

Annarichas  lupus,  L. 
Cydogaster  getaiinosus,  Pall. 

liparis,  L. 

Cydoptenis  lumpus,  L. 
Pleuronectes  platessa,  L. 

-flesus,  L. 

ctfnoglossus,  L. 

hmanda,  L. 

Drepanopsetta  platessoides,  Fabr. 

Bro«niiti«  6rosm«,  Asc. 

Godtis  caUarias  (s.  morr^tia),  L. 

wen«,  L. 

aeglefinus,  L. 

Ammodytes  tobianus,  L. 

Lycodes  vahli,  Reinh.,  var.  acptetUno- 
naiis,  Knip. 

Lycenchdys  sarsi,  Coll.,  var.  scpten/n- 
orudis,  Knip. 

Clupea  harengus,  L. 

Oasterosteus  aculeaius,  L. 

SoZwo  wmWa,  L.,  var.  aZptnu«,  L. 

solar,  Sund.,  var.  trutta,  Flemm. 

var.  nobiliSf  Smitt. 

MaUotus  ardicus,  Fabr. 

Acanthorhinus  carcharias,  Gunn. 

Raja  radiata,  Donov. 

Orcynus  (Thynnus)  thynnus,  L. 

Paralepis  borealis,  Jord.  et  Gillb. 

Gadus  saida,  Lepech. 

merlangus,  L. 


Die  letzten  vier  Arten  sind  sehr  selten  vorhanden. 


Viele  Arten  verschiedener  Gruppen  sind  bis  jetzt  noch  nicht  bestimmt. 
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THE  THEORY   OF  ABYSSAL  LIGHT 
C.  C.  NUTTING 

Some  years  ago  the  writer  became  tnterested  in  problems  con- 
nected with  the  inhabitants  of  the  deep  sea,  particularly  their  colors 
and  phosphorescence. 

In  the  com^e  of  his  investigations  two  papers  were  published, 
one  on  "The  Colors  of  Deep-Sea  Animals"  (Proceedings  of  the  Iowa 
Academy  of  Sciences,  1898),  and  the  other  on  "The  Utility  of  Phos- 
phorescence in  Deep-Sea  Animals  "  (American  Naturalist,  33, 1899). 

In  these  papers  the  position  was  taken  that  both  the  colors  and 
phosphorescence  of  bathyssal  animals  are  of  definite  use  to  their 
possessors,  and  come  under  the  same  laws  as  similar  phenomena  in 
shallow  waters. 

Although  little  investigation  along  these  lines  has  been  reported 
since  the  appearance  of  the  papers  mentioned,  and  although  most 
writers  who  mention  the  matter  seem  to  assume  that  these  characters 
are  of  use  to  their  possessors,  there  have  been  some  who  have  declared 
an  opposite  opinion.  This  class  may  be  represented  by  Beddard  (who, 
however,  wrote  before  the  appearance  of  my  papers),  who  says : 

"  The  inevitable  conclusion,  therefore,  from  these  facts,  appears  to  be 
that  the  brilliant  and  varied  coloration  of  deep-sea  animals  is  totally 
devoid  of  meaning.  They  cannot  be  of  advantage  for  protective  purposes, 
or  for  warning  colors,  for  the  single  and  sufficient  reason  that  they  are 
invisible."     (Animal  Coloration,  p.  37.) 

Beddard  bases  this  opinion  on  the  fact  that  many  of  the  deep-sea 
animals,  particularly  the  isopods  with  which  he  is  familiar,  have  eyes 
so  degenerate  as  to  be  functionless. 

One  of  my  countrymen,  Hargitt  of  Syracuse  University,  goes  to 
the  extent  of  frankly  ridiculing  the  idea  that  the  phosphorescence  of 
bathyssal  animals  is  of  utility.    He  says : 

"The  desperate  attempt  to  save  Natural  Selection  from  drowning  in 
its  submarine  adventures  by  lighting  its  abyssal  path  with  the  flickering 
and  fitful  shimmer  of  phosphorescence  were  worthy  of  a  better  cause. 
.  .  .  But  the  attempt  to  illuminate  the  quiescent  abysses  with  the  dull 
glow  which  under  all  known  conditions  requires,  if  not  violent,  at  least 
vigorous  stimulus  to  incite  it,  and  the  assumption  that  its  services  were 
sufficient  to  meet  even  a  moiety  of  the  necessities  involved,  makes  a  draft 
upon  one's  credulity  which  might  arouse  either  indignation  or  the  sense 
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of  the  ludicrous,  depending  upon  the  point  of  view."     (Some  Unsdved 
Problems  of  Organic  Adaptation,  p.  512.) 

Doubtless  the  profundity  of  the  above  argument  might  well  be 
expected  to  render  deep-sea  .investigations  mere  trivialities  in  com- 
parison; but,  nevertheless,  it  has  seemed  to  me  worth  while  to  inves- 
tigate the  subject  in  a  more  leisurely  and  systematic  way,  to  go  over 
the  evidence,  assemble  as  many  facts  as  time  will  allow,  and  to  again 
state  the  conclusions  in  as  unprejudiced  a  manner  as  possible, 

The  theory  of  abyssal  light  was  originally  promulgated  by  Car- 
penter, I  believe,  and  it  has  since  been  held  (implicitly  or  explicitly) 
by  most  of  the  more  eminent  authorities  on  the  deep  sea.  Wyville 
Thomson,  in  his  Voyage  of  the  Challenger,  1,  p.  122,  says: 

"The  trawl  seemed  to  have  gone  over  a  regular  field  of  a  delicate 
simple  Gorgonid.  .  .  .  The  stems,  which  were  from  eighteen  inches  to 
two  feet  in  length,  were  coiled  in  great  hanks  around  the  trawl-beam  and 
engaged  in  masses  in  the  net ;  and  as  they  showed  a  most  vivid  phosphor- 
escence of  a  pale  lilac  color,  their  immense  number  suggested  a  wonder- 
ful state  of  things  beneath,  —  animated  com-fields  waving  gently  in  a 
slow  tidal  current  and  glowing  with  a  soft,  diffused  light,  scintillating 
and  sparkling  on  the  slightest  touch,  and  now  and  again  breaking  into 
long  avenues  of  vivid  light  indicating  the  paths  of  fishes  or  other  wan- 
denng  denizens  of  their  enchanted  region." 

Alexander  Agassiz,  the  foremost  American  authority  on  Thalas- 
sography,  in  his  Three  Cruises  of  the  Blake,  p.  398,  says : 

"The  contents  of  the  trawl  are  frequently  brilliantly  phosphorescent, 
and  among  the  denizens  of  the  deeper  regions  are  a  number  of  highly 
luminous  Anthozoa  ophiurians,  hydroids,  Crustacea  and  even  fishes. 
Swinuning  and  creeping  among  the  forests  of  gorgonians  which  become 
luminous  by  disturbances  due  to  currents  or  o&er  movements,  the  deep- 
sea  Crustacea,  fishes,  cephalopods,  echinoderms  and  others,  must  be 
able  to  see  a  considerable  distance  during  the  emission  of  the  phosphor 
escent  light  and  thus  secure  assistance  in  searching  for  their  food." 

David  S.  Jordan,  in  his  Guide  to  the  Study  of  Fishes,  2,  p.  131, 
says: 

"The  Iniomi  or  'lantern  fishes'  .  .  .  are  soft  in  body,  black  or 
silvery  black  in  color,  and  all  that  live  in  the  deep  sea  are  provided  with 
luminous  spots  or  glands  giving  light  in  the  abyssmal  depths.  These 
spots  are  wanting  in  the  few  shore  species." 

Samuel  Garman,  in  his  masterly  monograph  of  the  fishes  secured 
by  the  "Albatross"  off  the  west  coast  of  Aimerica,  says: 

"The  condition  of  the  eyes  of  deep-sea  fishes  is  important  evidence 
in  support  of  the  theory  of  an  abyssal  light;  it  also  tends  to  establish 
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the  idea  that  this  light  in  comparison  with  that  of  the  sun  is  very  weak 
indeed.  Most  often  the  eyes  of  bathybial  animals  are  larger  than  those 
of  their  kindred  near  the  surface.  Entire  absence  of  light  would  have 
favored  the  deterioration  and  loss  of  the  eye,  but  the  eyes  have  become 
rudimentary  in  hardly  a  dozen  of  the  multitude  of  known  deep-sea 
species." 

Gunther,  in  the  introduction  to  his  Deep-Sea  Fishes  of  the  Chal- 
lenger Expedition,  p.  xxix,  says : 

"Light-producing  organs  are  very  generally  distributed  in  the  abyssal 
fauna,  and  those  parts  of  the  depths  of  the  ocean  in  which  phosphor- 
escent animals  are  abundant  must  be  sufficiently  illuminated  to  enable 
such  of  them  as  are  provided  with  well-developed  eyes  to  perceive  ob- 
jects with  as  much  distinctness  as  do  the  pelagic  forms  which  sport  at 
the  surface  at  night,  and  are  dependent  on  the  light  of  the  moon  and 
stars  and  the  general  phosphorescent  light  around  tibem." 

Other  authorities  could  be  quoted,  but  these,  it  is  hoped,  are 
enough  to  show  that  those  who  believe  in  an  abyssal  phosphorescent 
light  sufficient  to  be  of  utility  to  deep-sea  animals  are  numerous  and 
eminent  enough  to  command  respect,  and  that  ridicule  is  hardly  a 
well-chosen  weapon  with  which  to  attack  them. 

There  are  some  among  those  who  hold  that  there  is  light  in  the 
depths  of  the  sea  who  believe  that  this  light  is  derived  from  the  sun. 
There  is,  however,  no  direct  evidence  whatever  that  the  solar  rays 
penetrate  beyond  a  possible  limit  of  about  200  fathoms.  Tests  with 
photographic  plates  show  that  they  are  not  eflFected  at  a  depth  of  even 
100  fathoms,  and  it  is  hardly  possible  that  real  abyssal  regions  are 
penetrated  to  an  extent  that  would  be  discernible  to  eyes  constructed 
on  any  known  plan  found  among  animals. 

Returning,  then,  to  the  discussion  of  phosphorescence  in  the  deep 
sea,  it  may  be  said  that  no  one,  so  far  as  I  know,  questions  the  presence 
of  phosphorescent  organs.  The  real  question  is  whether  the  phos- 
phorescence in  the  deep  sea  is  in  sufficient  quantities  to  meet  the 
demands  of  functional  eyes. 

In  order  to  discuss  this  question  intelligently  I  have  taken  some 
pains  to  examine  some  of  our  more  extensive  works  on  the  fishes, 
Crustacea  and  some  of  the  lower  invertebrates  in  order  to  find  the 
comparative  number  of  bathyssal  forms  possessing  true  phosphores- 
cent organs.  For  the  purpose  of  this  discussion  I  have  considered 
those  forms  only  that  have  been  secured  at  a  depth  of  not  less  than  500 
fathoms,  assuming  that  that  is  surely  beyond  the  reach  of  effective 
solar  light. 

In  securing  this  data  regarding  bathyssal  fishes  I  have  made  use 
mainly  of  two  works,  i.  e.,  Oceanic  Ichthyology,  by  Goode  and  Bean, 
as  representing  the  most  comprehensive  survey  of  the  Altantic,  par- 
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ticularly  the  North  Atlantic;  and  Garman's  work  on  the  Fishes 
secured  by  the  U.  S.  S.  "Albatross"  off  the  west  coast  of  America, 
in  which  most  careful  descriptions  are  given  of  a  large  number  ci 
deep-sea  fishes  from  the  Pacific. 

After  tabulating  the  evidence  from  these  two  works,  I  find  that  no 
less  than  44  per  cent  of  all  the  fishes  taken  from  below  500  fathoms 
possess  organs  for  the  production  of  phosphorescent  light,  and  that 
these  organs  have  appeared  in  a  number  of  widely  separated  groups. 
This  percentage  is  considerably  greater  than  is  found  among  shallow- 
water  forms. 

One  of  the  most  significant  results  of  the  investigations  of  Lenden- 
feld,  Garman,  Green  and  others  concerning  the  phosphorescent 
organs  of  fishes  is  the  very  high  degree  of  specialization  and  compli- 
cation attained  by  them  for  rendering  more  effective  their  light-pro- 
ducing and  light-distributing  powers.  Some  of  these  have  optical 
arrangements  for  focusing  and  directing  a  beam  of  light  which  involve 
true  reflectors  and  lenses  in  addition  to  the  light-producing  organs. 

Moreover,  Lendenfeld  describes  nerves  for  their  control,  while 
the  richness  of  their  vascular  supply  indicates  highly  functional  and 
active  structures. 

I  submit  that  it  is  perfectly  fair  to  reason  that  organs  of  such 
high  complexity  and  definite  specialization  serve  a  definite  and 
special  function  in  the  economy  of  the  organism,  and  that  their 
number  in  the  deep  sea  tells  a  forceful  story  of  high  adaptations  to 
definite  conditions. 

Nor  are  these  organs  confined  to  fishes.  Many  examples  could 
be  cited  among  the  crustaceans,  moUusks,  worms,  etc.,  diat  would 
give  just  as  definite  testimony,  were  there  time  to  discuss  it 

It  seems  altogether  probable,  however,  that  by  far  the  greater 
amount  of  the  phosphorescence  of  the  great  depths  is  produced  by 
the  coelenterates,  —  a  group  in  which  I  have  a  special  interest  and  in 
which  I  have  done  considerable  work;  and  my  belief  is  that  here  we 
have  a  source  of  bathyssal  licht  suflScient  to  yield  a  dim,  but  evident, 
illumination  over  considerable  areas  of  the  sea  bottom. 

Such  expressions  as  "Forests  of  gorgonians"  and  "Fields  of  Al- 
cyonaria  "  are  no  mere  figures  of  speech,  but  represent  facts  that  can  - 
be  attested  to  by  any  experienced  field  worker  in  the  realm  of  deep- 
sea  animals.  Any  one  who  has  actually  engaged  in  deep-sea  dredging 
to  any  considerable  extent  has  been  struck  by  the  fact  that  life  seems 
to  be  massed  in  definite  spots  and  areas,  where  it  flourishes  in  an  ex- 
travagance of  profusion  indicating  an  actual  quantity  of  organic  life 
unknown  either  on  land  or  in  shallow  water.  Many  such  localities 
are  particularly  noteworthy  on  account  of  the  abundance  of  alcyona- 
rian  life;  and  we  may  confidently  believe  that  these  localities  are 
actually  characterized  by  an  amount  of  general  phosphorescent 
illumination  sufficient  to  enable  animak  with  eyes  adapted  to  a  dim 
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light  to  use  them  to  advantage  in  seeking  their  prey  and  eluding  their 
enemies. 

Turning  from  the  discussion  of  the  direct  evidence  of  an  abyssal 
phosphorescent  light  to  the  no  less  important  subject  of  the  indirect 
evidence,  it  seemed  to  me  that  the  actual  facts  regarding  the  eyes  of 
bathyssal  animals  would  be  an  aid  in  our  investigation. 

Such  a  line  of  research  makes  it  quite  evident  that  many  eminent 
writers  have  been  led,  unconsciously  perhaps,  to  attribute  alto- 
gether too  much  importance  to  the  relatively  few  cases  of  forms  with 
rudimentary  or  functionless  eyes  whose  relatives  in  shallow  water 
have  normal  eyes. 

Wishing  to  ascertain  the  facts  concerning  this  class  of  animals,  I 
ha\e  tabulated  the  eyes  of  fishes  coming  from  not  less  than  500  fath- 
oms according  to  the  evidence  found  in  the  two  works  on  deep-water 
fishes  already  referred  to. 

Dividing  the  eyes  in  the  tabulation  into  large,  medhim  and  small 
(including  rudimentary  eyes),  I  find  that  47  per  cent  of  the  249  species 
tabulated  from  these  two  works  have  eyes  that  are  described  by  the 
authors  as  large,  while  but  25  per  cent  have  eyes  described  as  small 
or  rudimentary.  That  is,  there  are  nearly  twice  as  many  species 
having  eyes  larger  than  normal  as  there  are  with  eyes  smaller  than 
normal. 

Now  it  will  be  admitted,  I  think,  that  the  tendency  is  always 
toward  the  diminution  in  size  of  eyes  or  any  other  organ  when  sub- 
mitted for  long  periods  to  an  environment  that  necessitates  disuse; 
while  here  we  find  a  very  marked  increase  in  size  of  the  eyes  of  a 
numerous  and  widely  distributed  class  of  animals  when  submitted  to 
bathybial  conditions,  so  that  in  general  it  may  be  said  that  their 
eyes  are  actually  larger  than  those  possessed  by  fishes  living  near  the 
surface  and  rendered  functional  by  continued  use  in  the  presence  of 
the  rays  of  the  sun. 

It  is  of  interest  to  discuss  a  typical  deep-sea  family  of  fishes  in  this 
connection,  and  I  have  investigated  therefore  the  condition  of  the  eyes, 
in  what  appears  to  be  one  of  the  most  typical  bathyssal  families  of 
fishes  known,  and  at  the  same  time  a  comparatively  large  and  widely 
distributed  one.    I  refer  to  the  family  Macruridse. 

Of  the  126  species  enumerated  in  Garman's  list  of  this  family, 
only  35  have  been  secured  at  depths  of  less  than  300  fathoms,  and  60 
per  cent  of  them  have  been  taken  from  over  500  fathoms.  Probably 
less  than  20  per  cent  of  them  have  been  taken  from  depths  to 
which  sunlight  can  reasonably  be  supposed  to  penetrate  so  as  to  be 
effective. 

In  this  family  I  have  found  but  two  cases  in  which  species  are  de- 
scribed as  having  small  eyes,  and  an  immense  majority  are  described 
definitely  as  having  large  eyes. 

It  seems,  then,  that  tnese  typical  deep-sea  animab  almost  uniformly 
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have  eyes  that  are  described  as  large,  eyes  adapted  to  use  in  an  envi- 
ronment in  which  light,  a  dim  light,  is  present  in  suflScient  quan- 
tities to  be  of  utility  to  the  animals  with  functional  eyes  that  inhabit 
those  depths  to  which  sunlight  cannot  reasonably  be  supposed  to 
penetrate. 

None  of  the  Macruridee  possess  special  luminous  organs,  and  they 
must  therefore  depend  on  light  other  than  their  own.  This  consid- 
eration lends  plausibility  to  the  view  that  there  are  areas  at  the  sea 
bottom  that  are  provided  with  a  general  phosphorescent  illumina- 
tion furnished  largely  by  the  lower  invertebrates,  particularly  the 
alcyonarians  and  hydroids. 

Another  large  group  that,  in  general,  possesses  functional  eyes 
and  has  numerous  representatives  in  deep  water  is  the  Crustacea. 

In  the  "  Challenger  "  Report  on  the  Macrura  by  C.  Spence  Bate  I 
find  about  95  descriptions  of  species  from  500  fatfioms  or  over  and 
including  reference  to  the  size  of  the  eyes.  Of  these,  40  have  large 
eyes,  38  have  eyes  of  medium  size,  and  16  have  small  eyes ;  while  but 
one  is  eyeless.  Here  we  have  a  corroboration  of  the  testimony  derived 
from  a  study  of  the  deep-sea  fishes,  nearly  half  of  the  bathyssal  Ma- 
crura having  eyes  larger  than  the  average. 

That  the  eyes  of  deep-sea  fishes  and  Crustacea  are  not  likely  to  be 
simply  the  survivals  handed  down  from  their  ancestors  of  shallow 
waters  seems  probable  from  the  statement  made  by  Wyville  Thom- 
son in  his  introduction  to  the  "  Challenger  "  Report,  p.  50 : 

"There  is  eveiy  reason  to  believe  that  the  existing  physical  condi- 
tions of  this  (the  bathyssal)  area  date  from  a  very  remote  penod,  and  that 
the  present  fauna  of  the  deep  sea  may  be  reganied  as  being  directly  de- 
scended from  faunae  which  have  successively  occupied  the  deep  sea." 

It  would  take  considerable  credulity  to  believe  that  during  this 
great  period  of  time  the  eyes  of  deep-^ea  animals  could  so  very  gen- 
erally increase  in  size  in  the  absence  of  light  suflScient  to  serve  a  useful 
purpose. 

Attention  should  also  be  called  to  the  fact,  alluded  to  by  several 
authors,  that  animals  which  we  know  to  have  lived  for  many  gen- 
erations in  absolute  darkness,  that  is,  cave  animals,  are  without 
exception  eyeless,  and  this  is  what  could  be  expected  in  the  case 
of  deep-sea  animals,  were  there  absolute  darkness  there. 

The  brachyuran  crabs,  although  including  a  host  of  species,  have 
not  invaded  the  deeps  to  any  considerable  extent,  and  are  therefore 
not  available  for  our  investigation. 

The  Isopoda,  however,  are  of  very  special  importance  in  this  con- 
nection, because  many  species  are  blind,  and  it  is  this  fact  that  seems 
to  have  furnished  the  main  argument  against  the  theory  of  abyssal  light 
in  the  minds  of  such  men  as  Wyville  Thomson,  and  particularly 
Beddard,  who  reported  on  the  isopods  of  the  "Challenger."    TTie 
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following  remarks  are  quoted  verbatim   from  his  report,  pp.  166, 
166: 

"It  has  been  long  known  that  the  deep-sea  Crustacea,  as  well  as  other 
deep-sea  animals,  are  commonly  blind,  but  the  puzzling  fact  that  this  is 
by  no  means  universally  the  case  has  exercised  the  ingenuity  of  natu- 
ralists ;  the  well-known  theory  of  abyssal  light  has  been  brought  forward 
as  an  explanation  of  the  persistence  of  eyes  in  certain  forms. 

I  wish  to  call  attention  to  the  fact  that  Beddard  here  makes  the 
serious  error  of  reversing  the  actual  situation.  Instead  of  deep-sea 
animals  being  "commonly  blind,"  we  have  seen  that  they  commonly 
have  eyes  larger  than  the  normal.  The  theory  of  abyssal  Ught  is 
based  on  the  condition  of  a  great  majority  of  deep-sea  animals,  and 
not  upon  exceptional  cases.  This  fact  seems  to  me  to  be  of  great 
significance.     Beddard  continues: 

"Among  the  Isopoda,  thirty-four  of  the  deep-sea  species  are  totally 
blind,  and  three  others  may  in  all  probability  be  added  to  this  list;  in 
four  species  .  .  .  the  eyes  are  evidently  degenerate ;  in  eighteen  species, 
on  the  other  hand,  there  are  well-developed  eyes.  In  the  first  place,  it  is 
noteworthy  that  of  the  eleven  peculiar  deep-sea  genera  only  two  .  .  . 
have  eyes ;  of  the  remaining  species  seven  belong  to  genera  of  which  the 
shallow  water  representatives  invariably  possess  eyes."  In  a  footnote, 
however,  he  says :  "  This  includes  those  species  with  imperfect  eyes,  evi- 
dently on  the  way  to  disappearance."  » 

"  On  the  other  hand,  the  remaining  eighteen  .  .  .  belong  to  genera 
which  are  invariably  blind,  even  when  occurring  in  shallow  water.  It 
must  not  be  forgotten  that  certain  genera  .  .  .  which  are  confined  to 
shallow  water  are  blind.  It  is  extremely  difficult  to  conceive  of  any 
reason  for  this  great  difference." 

It  seems  to  me  that  an  explanation  might  be  suggested  that,  to 
say  the  least,  appears  not  to  be  unreasonable. 

The  isopods  are  a  group  which,  as  a  whole,  lead  sedentary  lives, 
many  being  more  or  less  parasitic.  Many  species  and  some  whole 
genera  inhabiting  both  deep  and  shallow  water  have  lost  their  eyes. 
This  tendency  toward  degeneration  of  the  eyes  being  widespread 
among  them  would,  it  seems  to  me,  be  distinctly  accelerated  by 
long-continued  residence  in  deep  water,  where  the  light  is  certainly 
much  more  dim  than  in  the  upper  strata.  Thus  we  would  reasonably 
expect  to  find  a  greater  number  of  blind  forms  in  the  abyssal  regions 
than  in  shallow  water;  and  this  is  just  the  condition  of  affairs  de- 
scribed by  Beddard  above.  That  so  many  isopods  have  retained  their 
eyes  in  deep  water  in  spite  of  this  tendency  seems  to  me  to  distinctly 
bear  out  the  idea  of  a  dim  abyssal  light. 

Practically  the  same  argument  applies  to  the  Pycnogonida,  a  group 
also  largely  composed  of  species  of  a  more  or  less  sedentary  life. 
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Several  of  them  have  rudimentary  eyes,  although  inhabiting  shallow 
water.  Among  those  from  500  fathoms  or  more,  5  have  apparently 
functional  eyes,  3  have  rudimentary  eyes,  and  6  are  eyeless.  Four  of 
the  latter  belong  to  a  single  genus. 

The  tendency  of  this  group  toward  degeneration  of  the  eyes  b 
shown  in  the  blind  shallow-water  species,  this  tendency,  as  in  the 
isopods,  being  distinctly  accelerated  in  deep  water,  as  might  be 
expected. 

The  time  at  my  disposal  has  been  insufficient  to  permit  me  to  carry 
out  this  line  of  investigation  in  the  remaining  groups  of  eyed  inver- 
tebrata,  such  as  the  annelids,  moUusks,  etc.  I  know  of  nothing,  how- 
ever, among  them  that  would  negative  the  results  obtained  in  a  study 
of  the  Crustacea. 

In  summing  up  the  evidence  afforded  by  the  eyes  of  deep-sea 
animals,  it  seems  that  the  following  conclusions  may  be  justified : 

1.  The  eyes  of  bathyssal  animals  are,  on  the  whole,  larger  than 
those  of  their  relatives  of  shallower  water. 

2.  This  general  tendency  to  enlarged  eyes  in  so  many  groups  is 
an  evidence  of  a  dim  bathyssal  Kght. 

3.  The  eyeless  condition  is  exceptional,  except  among  certain 
groups  of  Crustacea,  which  in  shallow  water  show  a  tendency  to  de* 
generation  of  the  eyes,  —  a  tendency  naturally  accelerated  under 
bathyssal  conditions. 

4.  That  certain  of  these  species,  belonging  to  the  Isopoda  and 
Pycnogonida,  retain  their  eyes  in  the  depths  is  evidence  that  they 
are  not  subjected  to  an  environment  of  total  darkness. 

The  time  allotted  for  this  paper  is  too  short  to  permit  an  extended 
discussion  of  the  colors  of  animals  of  the  deep  sea,  but  some  of  the 
facts  should  be  touched  upon,  as  they  bear  upon  the  matter  under 
consideration. 

In  a  tabulation  of  the  colors  of  fishes  from  500  fathoms  or  below, 
using  the  same  works  as  were  consulted  in  the  discussion  of  phos- 
phorescence and  eyes,  the  following  results  appear : 

Averaging  the  tabulation  taken  from  both  publications  I  find  that 
of  the  256  species  in  which  the  colors  are  described  more  than  two- 
thirds  are  dark-colored  or  black,  while  a  majority  of  the  remainder 
are  light  or  pale-colored,  silvery  or  translucent.  A  comparatively 
small  number  are  red  or  purplish.  A  very  few  show  yellow,  while 
two  are  blue  and  one  is  green. 

Investigating  the  records  of  the  stations  from  which  these  si>ecies 
were  dredged  I  find  that,  in  general,  the  dark  or  black  species  come 
from  muddy  bottom  or  green  sand,  while  a  majority  or  the  lighter  col- 
ored species  are  from  a  bottom  of  globigerina  ooze. 

The  author  wishes  to  state  at  this  point  that  he  does  not  intend  to 
present  an  argument  here  that  colors  of  animals,  in  general,  are  adap- 
tive to  their  surroundings;  but  assumes,  with  a  vast  majority  of  work- 
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ing  naturalists,  that  this  is  a  fact,  this  assumption  being  based  on 
innumerable  observations  recorded  by  others  and  noted  by  himself. 

Assuming,  then,  that  animals  living  where  they  are  exposed  to  light 
derived  from  the  sun  are,  in  general,  colored  so  as  to  adapt  them  to 
their  environment,  it  seems  logical,  in  view  of  the  argument  herewith 
presented  to  prove  the  presence  of  a  dim  abyssal  light  which  is  phos- 
phorescent in  character,  to  look  for  an  explanation  of  their  coloration 
along  the  lines  of  adaptation. 

For  this  reason  I  see  no  reason  why  we  may  not  conclude  that 
Garman  is  right  when,  in  speaking  of  the  change  of  coloration  attend- 
ing the  departure  of  fishes  from  the  sunlight  on  their  way  to  the  great 
depths,  he  says :  — 

"The  spots,  bands,  and  other  special  markings  common  iiear  the 
surface  disappear,  and  the  appearance  becomes  uniform,  most  often  of 
a  dark  brown  or  black,  with,  on  those  not  habitually  dwelling  in  the  mud 
or  the  dark  belt,  an  added  assimilative  or  occultatlve  tint  to  bring  the 
surfaces  into  harmony  with  the  pale  greenish  or  yellowish  green  light  of 
the  ocean  bottom." 

This  writer  then  cites  a  very  convincing  proof  of  this  in  the  case  of 
flounders  living  at  varying  depths  from  near  the  surface  to  the  abyssal 
region. 

It  seems,  then,  that  we  are  warranted  in  saying  that  deep-sea 
fishes  are,  in  general,  protectively  colored  to  escape  their  enemies, 
and  at  the  same  time  aggressively  colored  to  enable  them  the  more 
readily  to  capture  their  prey. 

In  regard  to  the  coloration  of  the  deep-sea  invertebrates,  the  gen- 
eral facts  are  so  well  known  that  they  need  not  be  stated  here.  They 
may  be  summarized,  however,  in  the  words  of  Alexander  Agassiz, 
Three  Cruises  of  the  Blake y  1,  p.  312 :  — 

"There  is  as  great  a  diversity  of  color  in  the  reds,  oranges,  greens, 
yellows,  and  scarlets  of  the  deep-water  starfishes  and  ophiurians  as  there 
is  in  those  of  our  rocky  and  sandy  shores. 

Among  the  abyssal  invertebrates  living  in  commensalism,  the  adap- 
tation to  surroundings  is  fully  as  marked  as  in  shallow  water.  I  may 
mention  specially  the  many  species  of  ophiurians,  attached  to  variously 
colored  gorgonians,  branching  corals,  and  stems  of  pentacrinus,  scarcely 
to  be  distinguished  from  the  part  to  which  they  cling,  so  completely  has 
their  pattern  of  coloration  become  identified  mth  it. ' 

These  facts  will  be  questioned  by  no  one,  but  there  has  been  much 
diversity  of  opinion  concerning  their  interpretation.  Agassiz  himself 
suggests  that  they  constitute  an  argument  for  the  gradual  and  com- 
paratively recent  migration  of  littoral  forms  into  deep  water. 

In  connection  with  the  predominance  of  reds,  yellows,  orange, 
scarlets,  and  purplish  colors  it  is  interesting  to  note  that  the  analysis  of 
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phosphorescence  of  marine  animals  made  by  Mosely  showed  the  light 
to  be  red,  yellow,  and  green;  while  Captain  IVIaclear  found  the 
light  from  Umbellula  gave  a  spectrum  sharply  included  between  the 
lines  B  and  D,  which  includes  the  red  and  yellow  regions.  Thus 
the  phosphorescent  light  would  render  the  above  colors  conspicuous, 
giving  an  effect  the  same  in  kind,  but  not  in  degree,  that  they  display 
in  shallow  water. 

It  is  not  my  purpose  to  attempt  to  explain  the  adaptive  uses  of  these 
colors  but  to  suggest  that,  whatever  their  uses,  the  facts  point  to  the 
conclusion  that  they  serve  the  same  purposes  as  those  which  attend 
similar  coloration  in  shallow  water  illuminated  by  sunHght  I  will 
add  the  personal  belief  that  they  will,  in  general,  ultimately  be  found 
to  be  adaptive,  and  largely  protective,  especially  in  the  very  numerous 
cases  of  commensalism. 

In  regard  to  these  latter,  Beddard  (Animal  Cohraiion,  p.  38) 
says :  — 

"In  my  opinion  these  cases  of  resemblance  are  to  be  explained  by  the 
parasite  actually  assimilating  and  depositing  in  its  own  skin  the  pigmcDts 
of  its  host." 

When  we  remember  that  these  instances  of  commensalism  are  by 
far  the  most  numerous  among  the  alcyonarians,  and  that  the  pigment 
is  here  deposited  in  calcareous  spicules,  it  requires  considerable  cre- 
dulity to  believe  that  the  spicules  are  dissolved  and  their  color  de- 
posited in  the  integument  of  the  parasitic  ophiurians. 

It  is  true  that  fishes  often  browse  on  the  polyps  of  corals  and 
hydroids,  but  we  have  no  evidence  that  they  find  gustatory  enjoyment 
in  devouring  the  calcareous  skeletons  of  corals  or  Alcyonaria,  or  in 
the  spines  of  sea  urchins,  which  are  often  most  brilliantly  colored. 

While  I  see  little  evidence  that  the  colors  of  many  coelenterates 
are  useful  as  warnings  against  the  nematocysts,  it  is  not  impossible 
that  they  serve  to  warn  against  the  devouring  of  stems  and  branches 
with  their  often  jagged  spicules  and  great  relative  proportion  of  hard 
and  non-nutritious  material. 

It  seems  to  me  that  those  who  assail  the  belief  that  coloration  is 
brought  about  by  Natural  Selection  by  claiming  that  pigments  are 
simply  the  result  of  metabolism,  or  reserve  or  waste  products,  entirely 
miss  the  point  of  the  argument.  Suppose,  for  the  sake  of  argument, 
that  pigments  are  produced  in  this  way.  What  is  to  prevent  Natural 
Selection  acting  so  as  to  preserve  those  animals  in  which  these  pro- 
ducts are  beneficial,  or  beneficially  situated,  thus  producing  character- 
istic and  useful  coloration  ?  Whatever  may  be  the  origin  of  pigments 
in  animals,  it  can  reasonably  be  argued  that  the  coloration  produced 
is  adaptive,  and  that  the  adaptation  can  most  reasonably  be  accounted 
for  along  the  lines  of  Natural  Selection. 

The  same  can  be  said,  in  my  opinion,  regarding  phosphorescence, 
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and  the  question  arises  —  Can  it  be  claimed  that  the  phosphorescence 
of  the  lower  invertebrates,  which  are  sightless,  is  adaptive  ? 

A  possible  answer  to  this  question  was  indicated  in  a  former  paper 
by  the  author  (The  Colors  of  Deep-Sea  Animals,  Proceedings  of  Iowa 
Academy  of  Sciences ,  p.  10, 1898),  and  has  been  criticised  by  way  of 
ridicule,  but  not  by  argument.    It  is  as  f oUoi^s :  — 

"These  animals  (phosphorescent  Alcyonaria  and  hydroids)  feed,  for 
the  most  part,  on  mmute  Crustacea  and  on  Protozoa.  Most  Crustacea, 
and  particularly  their  embryos,  have  functional  eyes.  May  they  not  be 
attracted  by  light,  as  is  the  case  with  shallow  water  forms  ?  The  Protozoa 
are  without  distinct  organs  of  vision,  yet  many  of  them  are  distinctly 
phototactic.  If  this  is  true,  we  have  a  reason  for  phosphorescence  among 
the  lower  invertebrates.     It  attracts  the  prey." 

Since  the  above  was  written,  one  of  my  students,  Wm.  B. 
Bell,  has  carried  on  a  series  of  experiments  with  phosphorescent 
ctenophores  at  Woods  Hole.  He  found  that  small  crustaceans  were 
attracted  by  the  light  of  these  ctenophores  in  a  very  marked  degree. 

To  sum  up  the  content  of  this  paper,  it  seems  that  the  facts  indicate : 

1.  A  bathyssal  light  produced  by  phosphorescence,  suflBcient  to 
be  of  use  to  deep-sea  animals. 

2.  The  eyes  of  bathyssal  animals  are  larger,  on  the  average,  than 
those  of  their  relatives  in  shallow  water. 

3.  These  enlarged  eyes  are  regarded  as  an  indication  that  the 
abyssal  light  is  sufficient  to  be  of  utility  to  their  possessors. 

4.  The  coloration  of  deep-sea  fishes  is  largely  protective  and 
aggressive. 

5.  The  coloration  of  the  lower  invertebrates  is  thought  to  be  adap- 
tive, as  in  the  case  of  shallow  water  animals. 

6.  The  coloration  of  commensals  may  be  protective. 

7.  It  is  held  to  be  possible  that  the  phosphorescence  of  the  lower 
eyeless  forms,  such  as  coelenterates,  may  be  of  the  same  utility  as 
alluring  coloration  among  the  higher  animals. 
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A.  E.  ORTMANN 

The  views  set  forth  in  the  present  communication  are  not  entirely 
new.  They  were  first  indicated,  five  years  ago,  in  an  appendix 
to  a  paper  treating  of  the  distribution  of  freshwater  animals,^  but 
apparently  have  escaped  attention. 

As  regards  the  question  of  bipolarity,  it  should  be  remembered 
that  there  is  no  contention  as  to  the  fact  of  the  occurrence  of  bipo- 
larity. However,  a  difference  of  opinion  exists,  first,  as  to  the  fre- 
quency of  such  cases',  second,  as  to  their  explanation.  Certain 
writors  believe  that  bipolarity  is  the  rule,  and  consequently  have 
looked  for  a  general  explanation  for  the  similarity  of  the  polar  faunas. 
On  the  other  side,  others  believe  that  bipolarity  is  comparatively 
rare,  and  that  the  marine  faunas  of  the  two  poles  in  general  are 
dissimilar.  These  should  advance  a  general  explanation  for  this 
dissimilarity. 

According  to  the  last  review  of  the  question,^  we  may  condense 
the  results  of 'the  recent  investigations  as  follows.  Bipolarity  in  the 
strict  sense  —  the  presence  of  an  identical  species  at  the  North  and 
South  Poles,  while  it  is  absent  in  the  intermediate  regions  —  is  ex- 
tremely rare,  and  there  are  hardly  any  well-established  cases.  Bipo- 
larity in  a  wider  sense  —  presence  of  closely  allied  species  at  the  poles, 
while  in  the  intermediate  regions  allied  forms  are  absent  —  is  a  well- 
established  fact.  The  known  cases,  however,  are  not  very  numerous, 
and  they  are  found  most  frequently  among  certain  groups,  for 
instance,  pelagic  animals,  while  in  others  (littoral  crustaceans,  echin- 
oderms,  mollusks)  they  are  practically  absent.  Besides,  there  are 
a  number  of  cases  where  certain  identical  or  closely  allied  species 
are  apparently  restricted  to  the  polar  waters  both  of  the  North  and 
South  Poles.  But  this  is  due*  only  to  the  fact  that,  near  the  poles, 
these  forms  are  more  easily  and  frequently  observed,  they  living 
near  the  surface  of  the  water  (pelagic  or  littoral).  Yet  recent  inves- 
tigations of  the  deeper  waters  of  the  oceans  have  revealed  the  exist- 
ence of  these  forms  also  within  the  tropics.  Consequently  there  is 
no  discontinuity  of  distribution,  but  continuity,  a  connection  of  the 

*  The  geographical  distribution  of  fresh  water  Decapods  and  its  bearing  upon 
ancient  Geography  (Pr.  Amer.  Philos.  Soc,  41,  p.  399,  1902). 

2  Kuekenthal,  W.  Die  marine  Tierwelt  des  arktischen  und  antarktischen 
Gebietes  in  ihren  gegenseitigen  Bezichungen  (Veroeff.  Instit.  Meereskunde,  Heft 
11,  1906). 
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polar  ranges  being  present  in  the  deep  sea,  or  generally  in  the  deeper 
waters  of  lower  latitudes,  where  no  tropical  temperatures  prevail. 
Such  cases,  of  course,  should  not  be  called  by  the  name  of  Bipolarity, 
this  term  implying  discontinuity  of  distribution.  However,  they 
might  be  called  false  Bipolarity,  in  order  to  mark  their  relation  to 
trvs  Bipolarity,  possibly  as  incipient  cases  of  it. 

Thus  the  fact  is  established  that  similarity  of  the  marine  polar 
faunas,  or  Bipolarity,  is  not  the  rule,  but  that  generally  the  two 
polar  faunas  are  dissimilar.  This  forces  us  to  look  for  a  general 
explanation  of  this  fact,  and  in  the  paper  referred  to  I  have  proposed 
the  theory  that  the  dissimilarity  of  the  polar  faunas  is  due  to  differ- 
ences in  the  pre-tertiary  marine  faunas,  a  theory  which  is  directly 
opposed  to  the  original  assumption  of  certain  writers  that  the  sup- 
posed normal  Bipolarity  is  due  to  a  similarity  of  pre-tertiary  marine 
faunas,  that  is  to  say,  to  a  universally  distributed  pre-tertiary  fauna. 

The  following  considerations  are  to  be  introduced  to  support  this 
idea. 

It  is  a  well-established  fact,  and  preeminently  known  to  and  real- 
ized by  geologists  and  paleontologists,  that  during  the  mesozoic 
time  there  existed  two  types  of  marine  faunas,  which  are  called  the 
Mediterranean  and  the  Pacific.  The  Mediterranean  type  chiefly 
belongs  to  the  old  ocean  basin  called  the  Mediterranean  or  the 
Tethys  (Suess),  and  includes,  aside  from  the  present  Mediterranean 
Sea,  the  north  Atlantic,  and  the  ocean  which  largely  covered  Europe, 
western  Asia,  and  northern  Africa.  The  Pacific  type  is  found  in  the 
region  covered  by  the  present  Pacific  Ocean,  in  parts  of  the  Indian 
Ocean,  and  in  the  South  Atlantic.  These  two  ocean  basins  commu- 
nicated freely  with  one  another  at  certain  times ;  but  at  other  times, 
chiefly  so  toward  the  end  of  the  mesozoic  period  (upper  Cretaceous), 
they  were  rather  sharply  separated  by  a  land-girdle,  which  I  have 
called  "Mesozonia."  This  land-girdle,  which  encircled  the  world, 
extended,  beginning  in  eastern  Asia,  over  Bering  Sea  and  western 
North  America;  thence  over  Central  America  to  northern  South 
America,. and  across  the  central  Atlantic  to  Africa;  and  finally  from 
Africa  by  way  of  Madagascar  to  India  and  eastern  Asia. 

The  Mediterranean  basin  at  this  time  communicated  openly 
over  Europe  with  the  arctic  basin;  the  Pacific  basin  reached  the 
shores  of  the  antarctic  continent.  The  arctic  waters  were  entirely 
separated  from  the  southern  waters,  and  the  latter  had  no  connec- 
tion with  the  former,  although  the  Pacific  basin  approached  the 
North  Pole  in  the  northern  Pacific;  yet  there  was  a  barrier  consist- 
ing of  the  land  bridge  across  Bering  Sea. 

If  this  is  correct,  it  is  easily  understood  that,  with  the  beginning 
of  the  tertiary  time,  when  the  poles  began  to  cool,  and  when  polar 
faunas  began  to  develop,  the  Arctic  seas  must  have  received  their 
chief  contingent  of  marine  life  from  the  Mediterranean  basin,  while 
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the  antarctic  fauna  must  have  been  derived  directly  from  the  Pacific. 
This  would  explain  the  general  dissimilarity  of  the  two  polar  faunas, 
which,  consequently,  have  a  double  origin:  the  arctic  is  an  offshoot 
of  the  old,  mesozoic  Mediterranean  fauna,  and  the  antarctic  of  the  old 
Pacific  fauna. 

Subsequently  tertiary  and  recent  changes  in  the  distribution  of 
land  and  water  have  partly  obliterated  the  original  conditions.  The 
chief  features  in  these  changes  were  that  the  waters  of  the  North 
and  South  Atlantic  were  connected,  and  that  North  and  South 
America  became  united.  Thus  for  certain  forms  a  migration  from 
the  north  to  the  south,  or  vice  versa,  was  made  possible,  partly  in  the 
deep  sea,  partly  in  deeper  waters  along  the  shores  of  the  newly  formed 
Pan-American  continent  (chiefly  on  the  west  side  *).  This  gave 
origin  first  to  cases  of  false  Bipolarity,  out  of  which,  by  the  dying  out 
of  the  intermediate  forms  in  the  lower  latitudes,  cases  of  true  Bipo- 
larity may  have  formed. 

This  refers  to  the  old,  pre-tertiary  and  old  tertiary  elements  in 
the  polar  faunas.  Yet  there  are  apparently  other  cases  of  Bipolarity 
(for  instance,  among  certain  pelagic  groups:  Medusae,  Pteropods, 
and  Tunicates)  which  seem  to  be  rather  recent,  and  which  devel- 
oped within  groups  living  in  the  tropical  seas  of  the  tertiary  time. 
For  these  the  explanation  is  admissible  that  from  a  tropical  ancestral 
form  similar  forms  were  derived,  which  advanced  both  to  the  north 
and  to  the  south,  and  that  finally  the  original  form  in  the  tropics 
disappeared,  while  its  descendants  survived  at  both  poles,  thus  being 
more  closely  allied  to  each  other  than  to  any  intermediate  form. 
This  explanation,  which  has  been  lately  advanced  as  new  by  Kueken- 
thal  (1.  c.  p.  17,  after  Meisenheimer),  was  already  given  by  me  in 
one  of  my  earliest  publications  on  Bipolarity '  as  a  possible  theory 
for  the  existence  of  closely  related  forms  at  both  poles.  It  can,  how- 
ever, only  be  introduced  for  such  animals  which  are  rather  recent 
(tertiary),  and  originated  at  a  time  when  the  separation  of  the 
Pacific  and  Mediterranean  basins  had  ceased  to  exist,  and  when  the 
tropical  seas  were  in  open  communication  with  both  polar  seas. 

*  Kuekenthal  says,  that  there  is  no  suflBcient  evidence  for  a  migration  in  the 
deeper  and  cooler  waters  along  the  west  coast  of  America;  however,  I  have 
named  a  number  of  instanced,  see  Zool.  Jahrb.,  Syst.,  9,  pp.  584  and  585,  1896; 
Science,  Jime  18,  1897,  p.  958;  Science,  1898,  p.  516. 

»  Zool.  Jahrb.,  9,  p.  574.  1896. 


Digitized  by 


Google 


SURVEY   WORK  IN   ZOOGEOGRAPHICAL  RESEARCH 

A.  E.  ORTMANN 

Looking  over  the  recent  literature  in  zoogeography,  as  far  as  it 
concerns  the  study  of  local  faunas,  we  see  that  it  consists  chiefly  of 
the  enumeration  of  the  organic  forms  found  within  a  certain  region. 
Frequendy  a  mere  list  is  given,  often  with  a  number  of  detailed 
locality-records;  more  rarely  ecological  notes  are  connected  with 
the  list,  or  notes  indicating  in  a  general  way  the  range  of  each  form 
within  the  investigated  area.  But  one  thing  generally  is  absent:  a 
complete  and  exhaustive  study  of  the  whole  region,  giving  for  each 
part  of  it  reliable  dates  not  only  as  to  the  presence,  but  also  as  to  the 
ahsencey  of  certain  forms  of  life. 

For  species  found  over  the  whole  region  which  is  made  the  sub- 
ject of  the  study,  the  simple  fact  that  they  exist  in  it  may  be  sufficient 
for  many  practical  purposes.  However,  this  is  different,  when  a 
species  is  found  only  in  a  certain  part  of  it.  Here  the  question  arises, 
what  is  the  cause  of  the  presence  or  absence,  and  this  is  directly  con- 
nected with  the  question  of  the  origin  of  the  distribution  of  the  dis- 
cussed species. 

This  question  of  the  origin  of  the  distribution  of  a  species,  of  the 
centre  of  its  radiation,  and  of  its  subsequent  migration  and  dispersal 
is  the  essential  problem  in  zoogeographical  research.  In  order  to 
solve  it,  the  first  thing  to  be  found  out  is  the  actual  distribution,  and 
this  is  characterized  by  the  boundaries  of  the  range.  The  latter 
should  be  ascertained  by  all  means,  and  this  can  be  done  only  by 
local  studies  of  the  range  in  smaller  territories,  which  finally  are  to 
be  combined  into  a  whole.  Then,  after  we  have  become  acquainted 
with  the  exact  boundaries  of  the  distribution  .of  a  given  form,  and  if 
we  know  its  ecological  habits  and  general  biology,  it  will  be  possible 
to  correlate  distribution  with  the  geographical,  physiographical,  geo- 
logical, and  climatological  features  of  the  country,  and  general  con- 
clusions may  be  drawn. 

With  the  exception  of  a  few  groups  (I  think  of  mammals  and 
birds),  we  must  confess  that  the  necessary  data  are  lacking,  and 
that  there  is  hardly  any  animal  form  of  the  continental  life  districts 
(not  to  speak  of  the  marine)  in  whicfh  the  actual  distribution  and 
its  boundaries  have  been  investigated  satisfactorily.  This  is  chiefly 
due  to  the  difficulty  and  tediousness  of  the  work  required,  for  it  goes 
without  saying  that  this  kind  of  work  should  have  the  character  of 
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a  survey y  in  which  the  whole  country  should  be  gone  over  step  by 
step. 

However,  the  work  is  not  quite  so  complex  as  might  appear. 
Often  it  is  not  necessary  to  investigate  each  part  of  the  country 
uniformly.  When  the  ecological  habits  of  a  species  have  been 
ascertained,  we  may  generally  assume  that,  within  the  limits  of  its 
range,  it  will  be  found  at  any  place  where  the  congenial  conditions 
are  developed.  Thus  the  chief  interest  is  directed  to  the  discovery 
of  these  limits,  and  the  survey  work  will  become  mainly  an  accurate 
tracing  of  the  boundaries  of  the  distribution. 

I  have  recently  done  this  kind  of  work  within  the  boundaries  of 
the  State  of  Pennsylvania,  and  shall  continue  it.  The  first  group 
I  have  studied  are  the  freshwater  crawfishes  (genus  Cambarus), 
and  the  results  have  been  published  shortly  ago.*  I  cannot  go  into 
detail  here  and  describe  the  method  of  my  survey  work,  but  I  shall 
give  in  a  general  way  an  indication  of  how  it  was  done. 

In  the  beginning  I  did  not  possess  any  information  beyond  the 
fact  that  certain  species  of  crawfishes  are  found  exclusively  in  the 
eastern  or  in  the  western  section  of  the  State.  Thus  I  first  started 
out  at  random,  with  the  sole  object  to  locate  the  boundary  of  each 
species  at  least  at  one  point.  Having  succeeded  in  this,  physical 
features  of  the  State  became  evident,  which  might  be  the  causes 
of  the  limitations  of  the  ranges ;  and  after  that  it  naturally  was  my 
chief  purpose  to  verify  this  by  working  along  the  Unes  of  physio- 
graphical  differentiation.  The  physical  features  of  the  country 
constituting  boundaries  of  crawfish  distribution  were  generally  very 
evident,  and  the  subsequent  work  was  rather  easy,  in  so  far  as  it 
did  not  involve  much  exertion,  aside  from  the  physical  exertion  of 
travelling  and  collecting,  in  order  to  obtain  the  material  to  substanti- 
ate my  conclusions. 

After  the  boundaries  of  the  distribution  had  been  ascertained, 
the  area  covered  by  each  species  w^  supposed  to  be  known,  that  is 
to  say,  it  was  assumed  that  it  was  present  within  the  ascertained 
limits,  wherever  the  ecological  conditions  were  favorable.  How- 
ever, this  was  not  simply  taken  for  granted,  but  the  fact  of  the  pres- 
ence or  absence  of  a  species  was  verified  by  repeated  excursions ;  but 
the  number  of  the  latter  was  only  large  enough  to  render  this  fact 
reasonably  certain,  and  did  not  amount  to  survey  work  in  the  strict 
sense  of  the  word. 

I  think  these  remarks  are  sufficient  to  show  what  I  mean  by 
survey  work  in  zoogeographical  research.  This  kind  of  work  is  as 
important  as  topographical  or  geological  surveying,  although  it  does 
not  need  to  be  carried  out  to  the  same  extent,  so  that  the  whole 
country  is  to  be  gone  over  carefully  and  uniformly.     It  is  in  the 

»  The  Crawfishes  of  the  State  of  Pennsylvania,  in  Mem.  Carnegie  Mus.,  2 
No.  10.     1906. 
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nature  of  zoogeographical  investigation  that,  after  the  preliminary 
work  of  reeonnoissance  has  been  done,  it  reveab  certain  parts  of  the 
region  to  be  investigated,  which  are  more  interesting  and  more  im- 
portant than  others;  and  upon  the  former  more  care  is  to  be  spent. 
A  thorough  knowledge  of  the  physical  geography  and  geology  of  the 
country,  and  also  of  the  general  biology  and  ecology  of  the  group 
of  animals  to  be  studied,  is  essential,  and  from  the  published  account 
of  my  work  it  will  be  seen  that  without  the  latter  many  interesting 
conclusions  would  not  have  been  reached. 
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THE   UNITED   STATES   FISHERIES   STEAMER 
"ALBATROSS"  AND  HER  WORK 

GEORGE  M.  BOWERS 

The  steamer  "Albatross"  was  the  first  vessel  designed  and  built 
for  the  specific  purpose  of  deep-sea  investigations,  and  with  the  ex- 
ception of  the  "Princess  Alice"  is  the  only  steamer  at  present  main- 
tained solely  for  that  purpose.  She  is  the  product  of  the  broad 
coftception  of  fisheries  problems  entertained  by  Prof.  S.  F.  Baird,  the 
father  of  the  United  States  Fish  Commission,  now  the  Bureau  of 
Fisheries,  and  of  the  practical  experience  of  the  late  Conmiander  Z.  L. 
Tanner,  U.  S.  N.,  who  prepared  her  rough  plans,  superintended  her 
construction,  and  served  as  her  commanding  officer  during  the  first 
twelve  years  of  her  service.  The  "Albatross"  is  a  twin-screw  iron 
steamer,  with  a  length  over  all  of  234  feet,  a  load  water  line  of  200 
feet  on  12  feet  draft,  27  feet  6  inches  beam,  and  a  displacement  of 
1,074  tons.  She  is  rigged  as  a  brigantine,  with  a  sail  area  of  about 
7,500  square  feet,  and  is  powered  with  two  compound  inclined  engines 
capable  of  producing  a  speed  of  10  or  11  knots  per  hour.  She  carries 
a  full  complement  of  about  85  men,  including  the  scientific  staff, 
and  her  equipment  is  elaborate.  She  is  provided  with  sounding 
and  dredging  engines  of  approved  pattern,  permitting  investigations 
of  the  most  profound  oceanic  depths,  and  her  apparatus  is  designed 
to  meet  all  demands  of  hydrography  and  thalassography.  In  addition 
to  the  dredges,  trawls,  and  other  instruments  used  in  abyssal  collect- 
ing and  the  various  appliances  employed  in  pelagic  work  at  and 
below  the  surface,  she  is  provided  with  a  full  complement  of  the  lines, 
nets,  and  traps  commonly  employed  in  the  commercial  fisheries,  and 
her  hydrographic  equipment  includes  all  of  the  thermometers,  hy- 
drometers, water  cups,  bottom  tubes,  and  other  instruments  neces- 
sary for  the  investigation  of  the  physical  and  chemical  properties  of 
the  deep  waters  and  the  floor  of  the  sea. 

A  well-lighted  laboratory,  provided  with  a  library,  running  water, 
aquaria,  tables,  lockers,  and  instruments,  is  situated  on  the  main 
deck,  communicating  with  a  second  laboratory  and  storerooms  on 
the  deck  below,  and  ample  quarters  are  provided  for  a  scientific  staff 
of  five  or  six  persons  in  addition  to  the  naval  officers  and  crew. 

The  "Albatross"  went  into  commission  on  November  11,  1882, 
and  during  the  quarter  of  a  century  which  has  since  elapsed  she  has 
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been  more  or  less  continuously  engaged  in  deep-sea  and  fisheries  in- 
vestigations with  the  exception  of  1898,  when  she  was  detailed  to  the 
Navy  Department,  and  parts  of  several  years  when  she  was  engaged 
in  special  service  in  connection  with  the  Bering  Sea  patrol.  During 
the  first  five  years  the  vessel  was  on  the  Atlantic  coast  carrying  on 
fishery,  biological,  and  hydrographic  investigations  in  the  coastal 
waters  between  Newfoundland  and  the  Caribbean  Sea,  and  offshore 
to  a  maximum  depth  of  about  3,000  fathoms,  her  work  resulting  in 
extensive  additions  to  our  knowledge  of  the  deep  waters  of  the  western 
North  Atlantic. 

In  November,  1887,  she  started  on  a  cruise  around  South  America, 
through  the  Straits  of  Magellan,  arriving  at  San  Francisco  in  the  fol- 
lowing spring.  En  route  coastal  and  deep-sea  researches  were  con- 
ducted at  numerous  stations  throughout  the  cruise.  Since  1887  the 
work  of  the  vessel  has  been  carried  on  in  the  Pacific  Ocean  and  its 
contiguous  waters  exclusively,  during  most  of  the  time  oflF  the  coasts 
of  the  United  States  and  Alaska,  but  including  a  number  of  extended 
cruises  to  more  distant  seas. 

In  the  winter  of  1891,  under  the  direction  of  Mr.  Alexander 
Agassiz,  extensive  deep-sea  explorations  were  conducted  off  the  west 
coast  of  Mexico  and  Central  America  and  in  the  vicinity  of  the  Gala- 
pagos Islands,  resulting  in  an  extensive  series  of  publications  in  the 
Memoirs  and  Bulletins  of  the  Museum  of  Comparative  Zoology. 

In  the  winter  and  spring  of  1891-1892  the  "Albatross"  was  de- 
tailed to  make  a  survey  of  a  route  for  the  oceanic  telegraph  cable 
between  the  United  States  and  the  Hawaiian  Islands,  and  from  that 
time  until  1898  she  was  mainly  employed  in  fur-seal  and  fisheries  in- 
vestigations in  Alaska,  in  1896  extending  her  work  in  this  connection 
as  far  as  the  Okhotsk  Sea  and  the  coast  of  Japan,  returning  to  the 
United  States  via  the  Hawaiian  Islands. 

Mr.  Agassiz  again  took  direction  of  her  work  in  the  summer  of 
1899  during  an  extensive  cruise  in  the  Tropical  Pacific  to  Japan,  in 
the  course  of  which  many  islands  in  the  Marquesas,  Paumotus, 
Society,  Tonga,  Fiji,  Ellice,  Gilbert,  Marshall,  Caroline,  and  Ladrone 
archipelagoes  were  examined  with  special  reference  to  the  problems 
of  coral  formation.  The  results  of  these  investigations  are  now  in 
course  of  publication  in  the  Memoirs  of  the  Museum  of  Comparative 
Zoology  in  Cambridge. 

At  the  end  of  this  cruise,  in  the  spring  and  early  summer  of  1900 
rich  collections  were  made  off  the  eastern  cdast  of  Japan  and  Kam- 
chatka, principally  in  the  vicinity  of  the  100-fathom  curve,  but  in  a 
few  stations  in  depths  between  500  and  800  fathoms.  Reports  upon 
part  of  these  collections  have  appeared  in  the  publications  of  the 
Bureau  of  Fisheries  and  the  National  Museum,  and  others  are  in  course 
of  preparation  by  the  specialists  to  whom  they  have  been  assigned. 

In  1902  the  "Albatross"  again  vbited  the  Hawaiian  Islands,  in 
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connection  with  a  study  of  their  fishery  resources.  The  collection  of 
fishes  resulting  from  this  cruise  and  the  cooperating  shore  parties  b 
the  largest  ever  made  in  the  Pacific,  embracing  many  new  and  litde 
known  species  in  addition  to  all  that  are  used  as  food.  It  has  been 
made  the  basis  of  a  complete  description  of  all  shore  fishes  known 
from  the  Hawaiian  Islands  and  the  Leeward  Group.  A  report  on  the 
deep-sea  fishes  has  been  prepared,  and  the  collections  of  invertebrates, 
which  in  some  cases  are  more  extensive  than  those  of  the  fishes,  are 
in  the  hands  of  specialists  for  report.  The  results  of  this  cruise  are 
being  published  mainly  in  the  bulletin  of  the  Bureau  of  Fisheries 
and  in  the  publications  of  the  National  Museum. 

In  the  spring  and  early  sunmier  of  1904  a  biological  survey  of  the 
waters  off  the  coast  of  southern  California  was  undertaken  in  co- 
operation with  the  University  of  California  and  Leland  Stanford 
University.  The  work  began  in  the  vicinity  of  San  Diego,  where  139 
collecting  stations  were  occupied,  and  after  an  interval  was  continued 
in  Monterey  Bay,  where  collections  were  made  at  128  stations.  Most 
of  the  work  was  in  the  vicinity  of  the  100-fathom  curve,  but  the 
survey  was  carried  out  to  2,259  fathoms  near  San  Diego  and  1,062 
fathoms  in  Monterey  Bay. 

The  Eastern  Pacific  between  Panama,  Peru,  Easter  Island,  and 
the  Gambier  Islands  was  explored  in  the  winter  of  1904-1905  under 
the  direction  of  Mr.  Alexander  Agassiz.  In  this  vast  area,  remote 
from  continental  land  and  uninterrupted  by  islands,  there  were  made 
203  hauls  with  plankton  nets  and  43  with  beam  trawls,  and  the  sound- 
ings number  111.  Most  of  the  work  was  in  depths  greater  than  1,000 
and  much  of  it  between  2,000  and  3,000  fathoms,  and  the  expedition 
resulted  in  the  collection  of  valuable  material  for  studies  of  oceanic 
deposits  and  the  pelagic  and  abyssal  faunas.  The  next  extended 
cruise  began  May  3,  1906,  and  lasted  until  December  10, 1906,  cross- 
ing the  Pacific  by  way  of  the  Aleutian  Islands,  Kamchatka,  and  the 
Kuriles  and  returning  via  Hawaii.  Rich  collections  were  made  on 
the  outward  passage,  in  the  Okhotsk  and  Japan  Seas  and  off  the 
coasts  of  Siberia,  Korea,  and  Japan.  Three  hundred  and  eighty-five 
stations  were  occupied,  and  the  extensive  collections  are  now  in  the 
hands  of  specialists,  and  reports  are  in  course  of  publication  by  the 
Bureau  of  Fisheries  and  National  Museum. 

The  "Albatross"  on  October  17,  1907,  sailed  on  a  cruise  of 
investigation  in  the  Philippine  Islands,  which  will  probably  occupy 
about  two  years.  When  this  is  completed  her  researches  will  have 
extended  over  the  entire  western  shore  of  the  Atlantic  south  of  New- 
foundland, the  eastern  shore  of  the  Pacific  south  of  about  latitude  OOP 
north,  the  western  shores  of  Asia  and  the  islands  stretching  from 
Kamchatka  to  the  equator,  and  most  of  the  Pacific  Ocean  and  its 
numerous  islands  lying  between  the  Tropic  of  Capricorn  and  Bering 
Sea. 
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The  results  of  her  hydrographic  work  and  surveys  have  then* 
place  on  the  charts  of  the  maritime  nations,  and  her  biological  and 
fisheries  researches  have  fumbhed  the  basfa  for  about  five  hundred 
reports,  papers,  and  addresses,  published  and  in  preparation,  many 
of  them  in  themselves  large  volumes,  prepared  by  specialists  of  many 
nationalities.  These  publications  are  much  scattered,  and  therefore 
not  so  impressive  as  those  representing  the  less  extensive  work  of 
other  vessels,  but  if  brought  together  "they  would  constitute  an  im- 
posing library  of  oceanic  zoology  and  hydrography. 

With  but  a  small  part  of  the  vast  collections  of  the  major  expedi- 
tions of  the  past  ten  years  yet  reported  upon,  and  with  a  considerable 
part  of  all  of  her  collections  not  yet  in  the  hands  of  specialists,  or 
studied  but  in  part,  the  number  of  new  species  described  from  the 
work  of  the  "Albatross"  is  about  2,500,  with  correspondingly  great 
numbers  of  new  genera  and  higher  groups.  It  is  probable  that  the 
collections  of  the  ship  contain  not  far  from  4,000  to  5,000  species  un- 
known to  science  at  the  time  they  were  collected,  and  in  addition  she 
has  obtained  large  series  of  species  previously  known  from  single  or 
but  few  and  imperfect  specimens. 

In  making  these  collections  dredges,  beam  trawls,  and  other 
forms  of  apparatus  for  bottom  collecting  have  been  employed  at 
upwards  of  2,500  stations,  in  addition  to  thousands  of  hauls  with 
various  forms  of  surface  and  intermediate  tow-nets,  dip-nets,  etc.,  and 
comprehensive  shore  collecting.  The  depths  at  which  apparatus  has 
been  used  range  from  the  shore  line  to  4,173  fathoms,  the  deepest 
trawl  haul  of  which  there  is  any  record.  The  hydrographic  work  has 
been  carried  on  in  all  depths  up  to  4,813  fathoms,  a  large  proportion 
of  them  being  in  excess  of  2,000  fathoms,  and  embraces  surveys  of 
harbors,  passages,  banks,  and  the  deep  sea. 

While  the  primary  purpose  of  the  vessel  is  the  investigation  of 
fishery  problems,  to  which  she  has  devoted  a  large  part  of  hex  time, 
this  brief  sketch  of  her  career  will  show  that  she  has  been  able  to  ren- 
der important  service  to  pure  science,  particularly  to  zoology  and 
thalassography,  and  that  to  American  men  of  science  at  least  she  has 
offered  facilities  for  investigations  to  further  which  there  were  no 
other  means.  Her  work  has  been  important  and  comprehensive,  but 
has  not  obtained  the  recognition  to  which  it  is  entitled,  owing  to  the 
lack  of  provision  for  presenting  the  results  in  such  collected  form  as 
would  exhibit  them  in  their  due  proportions. 
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E.  L.  MARK 

The  withdrawal  of  a  large  part  of  the  military  and  naval  forces 
from  Bermuda  by  the  British  Government  about  two  years  ago  so 
crippled  the  Colony,  by  reducing  its  sources  of  revenue,  that  it  was 
compelled  to  suspend  its  project  of  a  Biological  Station.  Although 
plans  had  been  drawn  for  a  building  to  accommodate  both  a  Public 
Aquarium  and  a  Research  Station,  and  although  land  had  been  pur- 


Photo.  H.  S,  Davis 

View  of  the  Central  Portion  op  Aqar's  Island 

From  an  elevation  east  of  the  Island,  showing  the  Bermuda  Biological  Station 
and  the  Aquarium 

chased  at  the  village  called  "The  Flatts"  on  which  to  erect  such  a 
structure,  the  change  in  the  policy  of  the  home  government  blocked 
the  undertaking,  which  had  been  aided  by  Professor  Bristol  and 
myself,  and  the  project  had  to  be  given  up. 

But  the  reduction  of  the  military  forces  in  the  Bermudas  and 
changes  in  modern  warfare  have  made  superfluous  some  of  the  es- 
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Map  op  Aoar's  Island 
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tablisbments  in  those  islands  possessed  by  the  home  government 
It  is  by  a  happy  turn  of  the  wheel  of  fortune,  which  at  first  seemed 
fatal  to  the  biological  aspirations  of  Bermuda,  that  it  is  now  possible 
to  announce  a  brighter  outlook  than  ever  before  for  the  building  up 
of  a  laboratory  of  research  in  biology. 

The  Bermuda  Natural  History  Society  has  recently  secured  con- 
trol, at  a  nominal  cost,  of  one  of  the  islands  in  Hamilton  Harbor 
(formerly  used  by  the  Government  for  the  storage  of  munitions  of  war), 
Agar's  Island,  together  with  all  its  docks,  landings,  residences,  work- 
shops, storehouses,  kitchens,  etc.,  —  in  all  about  a  dozen  buildings 
besides  the  great  powder  magazine. 


Photo.  E.  H.  Barbour 

Cottages 
Looking  North 

The  powder  magazine  is  a  massive  structure  of  masonry  built  in 
the  hill-side;  it  is  one  hundred  and  fifty  feet  long  by  more  than  a 
hundred  feet  broad,  and  consists  of  ten  deep  alcoves  with  heavy 
arched  ceilings,  opening  into  a  central  passageway;  the  whole  is 
roofed  over  with  earth  and  surrounded  by  a  broad  deep  moat  open  to 
the  sky.  This  stnicture  has  been  converted  into  a  Public  Aquarium: 
the  moat,  divided  into  compartments  by  cross  partitions,  furnishes  the 
requisite  tanks;  large  window  holes  cut  through  the  walls  of  the 
alcoves  at  their  outer  ends  and  glazed  with  heavy  plate  glass  com- 
plete, at  comparatively  small  expense,  ample  aquaria  of  the  grotto 
type.  The  alcoves  on  one  side  are  already  finished  and  stocked  with 
attractive  animals.  In  this  way  from  twenty  to  thirty  such  aquaria 
are  to  be  provided. 
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It  is  safe  to  say  that  with  the  means  so  near  at  hand  for  keeping 
these  aquaria  freshly  stocked  with  showy  fishes  and  the  other  brilliant 
animal  and  plant  forms  of  the  sea,  there  are  few  if  any  places  more 
favorably  situated  for  maintaining  an  attractive  Public  Aquarium. 

Agar's  Island  is  on  the  direct  line  of  the  ferry-boats  running  between 
Hamilton  and  Ireland  Island ;  it  is  distant  from  Hamilton  only  about  a 
mile  and  a  half,  and  from  the  roadway  on  the  mainland  less  than  four 
hundred  feet.  The  Aquarium  will  therefore  be  easily  accessible  to 
tourists  and  the  public  generally.  The  income  to  be  derived  from 
admission  fees  should  aid  largely  in  supporting  the  whole  under- 
taking. 


Looking  North-east 

It  is,  however,  the  opportunities  for  research  that  are  of  more  par- 
ticular interest  to  us  as  biologists.  I  have  already  published  else- 
where ^  an  account  of  the  attractions  of  Bermuda  as  a  healthful  and 
agreeable  place  for  marine  work,  and  of  the  wonderful  richness  and 
abundance  of  its  fauna.  I  may  therefore  limit  myself  now  to  a  brief 
statement  of  the  present  conditions  and  prospects  of  the  new  Station. 
I  have  just  explained  the  peculiarly  fortunate  construction  of  the 
powder  magazine  and  how  it  is  being  converted  into  a  Public  Aqua- 
rium. The  management  of  the  Aquarium  is  to  remain  in  the  hands 
of  the  Bermuda  Natural  History  Society,  but  all  the  income  derived 
from  it  above  the  expenses  of  its  up-keep  is  to  be  turned  over  to  the 
Research  Station  to  aid  in  its  development. 

»  Proc.  Amer.  Assoc.  Adv.  Set.,  Vol.  LIV,  pp.  471-501,  16  pi.  1905. 
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It  is  the  plan  of  the  Natural  Hbtory  Society  to  lease  to  the  Re- 
search Station  for  a  nominal  sum  the  whole  plant  of  Agar's  Island,  — 
except  the  Aquarium,  the  Pumping  Station,  and  the  quarters  of  the 
care-takers  of  the  property,  —  for  the  purposes  of  biological  investiga- 
tions, to  furnish  running  sea  water  free  of  expense,  and  to  aid  in  all 
other  ways  possible  the  development  of  the  Station.  The  island 
contains  three  acres  of  land.  There  are  three  cottages,  with  quarters 
plainly  furnished  for  a  dozen  or  more  students.  Fourteen  persons 
were  at  work  there  during  the  present  summer.  Besides  several  other 
buildings  there  is  one  which  is  well  adapted  to  the  needs  of  a  laboratory-. 


Photo.  X.E.Lu.<ker 

Interior  of  Laboratory 
Looking  South 

It  is  seventy  feet  long  by  twenty  feet  broad.  This  is  to  be  piped  for 
running  sea  water,  and  for  fresh  water,  which  is  stored  in  immense 
subterranean  cisterns.  A  valuable  bronze  pumping  apparatus  has 
been  secured,  which  has  a  capacity  of  2,000  gallons  per  hour  and  will 
pump  sea  water  for  l)oth  laboratory  and  aquaria.  The  laboratory  is 
already  equipped  with  work-tables  of  convenient  pattern,  with  shelving 
and  cupboanls  for  chemicals,  books,  et  cetera,  and  affords  liberal  work 
rooni  for  fifteen  or  twenty  students.  The  building  has  a  veranda 
on  one  side  and  one  end ;  standing  as  it  does  in  the  middle  of  the 
island  on  a  plateau  about  thirty  feet  above  the  sea,  it  catches  the  sea 
breezes  and  affords  a  deh'ghtful  place  for  work. 
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It  is  planned  to  have  the  Research  Station  open  the  year  round  to 
investigators  at  a  moderate  expense,  and  during  the  summer  months 
to  have  its  facilities  utilized,  up  to  the  limits  of  its  capacity,  for  re- 
searches in  both  botany  and  zoology.  No  formal  instruction  is  con- 
templated, but  it  is  expected  that  the  present  accommodations  will  be 
increased,  in  case  there  is  demand  for  more  room,  to  keep  pace  with 


Photo.  H.S.  Davis 
View  of  Central  Portion  of  Agar's  Island 
Looking  North -west 

the  needs  of  all  who  desire  to  carry  on  investigations  for  a  shorter 
or  longer  period.  The  cooperation  of  all  who  are  willing  and  able 
to  aid  in  the  support  of  the  Station  will  be  sought,  and  it  is  believed 
that  the  undertaking  will  be  a  useful  addition  to  the  means  now 
available  for  the  pursuit  of  marine  biology. 

Ten  numbers  of  the  Contributions  from  the  Station  have  already 
been  published. 

Cambridge,  August,  1907. 

Note.    The  photographs  by  Drs.  Carpenter  and  Davis  were  made  in  the 
summer  of  1909. 


Digitized  by 


Google 


DIE    MARINE    BIOLOGISCHE    STATION    AN    DER 
MURMAN-KCSTE    (BARENTS-SEE,   KOLA-FJORD) 

S.  AWERINZEW 

In  dem  vorliegenden  Bericht  will  ich  mich  bemiihen  eine  Be- 
schreibung  der  marinen  biologischen  Station  zu  geben,  welche  der 
Kaiserl.  Naturforschergesellschaft  in  St.  Petersburg  gehort;  diese 
Station  ist  in  der  Stadt  Alexandrovsk  am  Ufer  des  Barents-See 
(Murman-Kiiste)  gelegen,  welche  ihrerseits  bekanntlich  einen  Theil 
des  europaischen  Eismeeres  ausmacht. 

Es  will  mir  scheinen,  dass  sowohl  die  Lage  unserer  Station  im 
aussersten  Norden  des  europaischen  Festlandes  (69*^  12'  nordl.  Br.  u. 
33°  27'  ostl.  L.  von  Greenwich),  als  auch  die  eigenartigen,  recht 
characteristischen  Ziige  der  Thierwelt  in  den  die  Station  umgebenden 
Meeresbezirken  geniigendes  Interesse  versprechen,  um  Ihre  Auf- 
merksamkeit  kurze  Zeit  in  Anspruch  nehmen  zu  diirfen,  indem  ich 
Ihnen  sowohl  die  Station  selbst,  wie  auch  die  BeschaflFenheit  des  sie 
umgebenden  Meeres  und  seiner  Fauna  schildere. 

Die  biologische  Murman-Station  liegt  am  Ufer  des  Katharinen- 
Hafens,  einer  Bucht  des  tief  in  das  Festland  eindringenden  Kola- 
Fjords,  eines  der  wenigen  Fjorde  der  Barents-See.  Die  gesamme 
Meereskuste  in  der  Umgebung  der  biologischen  Station  besteht  auf 
viele  Meilen  hin  aus  Granit-Gneissen,  welche  sich  bald  in  Gestalt 
steiler  abschiissiger  Felswande,  bald  in  Gestalt  zeimlich  flacher 
durch  die  Wirkung  des  Eises  geglatteter  Felsen  zum  Meere  herab- 
senken;  die  felsige  Landschaft  gewinnt  fast  iiberall  durch  niedere, 
fast  ganzlich  unbewachsene,  rundliche,  rothlich-graue  Hiigel  einige 
Abwechslung,  welche  aus  dem  gleichen  Granit  bestehen,  eine  Hohe 
von  400-500'  uber  der  Meeresoberfiache  erreichen  und  der  ganzen 
Umgebung  einen  zwar  rauhen,  aber  eigenartig  schonen  Character 
verleihen. 

Der  uber  30  Seemeilen  lange  und  an  den  breitesten  Stellen  kaum 
3^  Meilen  erreichende  Kola-Fjord  (dessen  grosste  Tiefe  etwa 
350  m.  betragt)  reprasentiert  nichts  anderes,  als  das  alte,  prae-glaciale 
vom  Meer  iiberschwemmte  Bett  des  Flusses  Tuloma,  welcher  sich 
gegenwartig  in  den  innersten  Theil  des  Fjords  ergiesst;  dabei  ist  zu 
bemerken,  dass  in  der  jetzigen  Zeit  infolge  der  Erhebung  des  Fest- 
landes die  umgekehrte  Erscheinung  vor  sich  geht,  so  dass  w  nun 
mehr  an  verschiedenen  Stellen  des  Fjords  die  ^te,  circa  85  m.  iiber 
dem  heutigen  Meeresniveau  liegende  Uferlinie  erblicken  konnen. 
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Wie  dies  in  den  Fjorden  iiberhaupt  der  Fall  ist,  so  finden  wir 
auch  in  dem  Kola-Fjord  und  seinen  zahlreiehen  Buchten  besondere, 
ziemlich  eigenartige  Unterschiede  in  der  Temperatur,  sowie  in  dem 
Salzgehalt  der  verschiedenen  Schichten  des  Wassers,  welche  sich 
hauptsachlich  durch  den  betraehtlichen  Zufluss  von  Siisswasser 
(namendich  wahrend  der  Friihlings-Schneeschmelze),  ferner  durch 
die  besonderen  Bedingungen  erklaren  lassen,  wie  sie  bei  dem  Er- 
warmen  im  Sommer  und  der  Abkiihlung  im  Winter  einer  verhalt- 
nismassig  kleinen  und  dabei  vom  Ocean  ziemlich  abgesonderten 
Wassermasse  vorliegen. 

Eine  fiir  die  Fjorde  ebenfalls  characteristische  Eigenthiimlich- 
keit  des  Kola-Fjords  und  seiner  Buchten  besteht  auch  darin,  dass 
dieselben  einen  oder  mehrere  rosenkranzformig  auf  einander  fol- 
gende,  durch  unterseeische  Barriferen  verschiedener  Hohe  von  ein- 
ander getrennte  Kessel  darstellen.  Der  Kola-Fjord  selbst  ist  von 
dem  offenen  Ocean  durch  einen  zeimlich  seichten  Bezirk  getrennt; 
von  Interesse  ist  es,  dass  im  Ocean,  in  der  Nahe  der  Einmiindungs- 
stelle  dieses  Fjords,  iiberhaupt  geringere  Tiefen  angetroffen  werden, 
als  sie  in  dem  tiefsten  mittieren  Theil  des  Fjords  beobachtet  werden 
(350-360  m.). 

Was  nun  die  Temperatur  des  Wassers  im  Kola-Fjord  und 
in  einer  seiner  Buchten  —  dem  Katharinen-Hafen  —  betrifft,  so 
schwankt  dieselbe  in  den  Oberflachenschichten,  in  Abhangigkeit  von 
der  Jahreszeit,  zwischen  —0.17  und  selbst  — 0.40°C.  einerseits,  und 
+  10-12°  C.  andererseits,  wahrend  in  den  Teifenschichten  die  Ampli- 
tude der  Temperaturschwankungen  eine  viel  geringere  ist ;  dabei  ist 
dlese  Amplitude  in  kleinen  aber  tiefen,  durch  besonders  hohe  Bar- 
ri^ren  von  dem  iibrigen  Meere  abgetrennten  Kesseln,  ausserst  gering 
und  iibersteigt  in  gewissen  Fallen  nicht  einmal  einen  Grad  (die 
Temperatur  der  Grundschicht  des  Wassers  im  Katharinen-Hafen 
schwankt  zwischen  0°  u.  -f  1°  C).  Dort  hingegen,  wo  die  Barri^ren 
niedriger  sind  und  die  Circulation  der  Wassermassen  weniger  be- 
hindert  ist,  erweist  sich  die  Amplitude  der  Temperaturschwankungen 
in  der  Grundschicht  als  etwas  betrachtlicher  und  erreicht  5^-6°  C. 
(die  Temperatur  dieser  Schicht  schwankt  im  Kola-Fjord  annahernd 
zwischen  0°  und  5.6  oder  5.8°  C). 

Was  die  Schwankiingen  im  Salzgehalt  der  verschiedenen  Schichten 
des  Fjords  und  seiner  Buchten  betrifft,  so  lasst  sich  hieriiber  fast  das 
Gleiche  aussagen,  wie  beziiglich  der  Temperaturschwankungen.  In 
den  Oberflachenschichten  des  Katharinen-Hafens  schwankt  der 
Salzgehalt  zwischen  7.63%o  und  34.38%o,  in  der  Grundschicht  hin- 
gegen nur  zwischen  34.42%o  und  34.63%o. 

Dieses  sind  in  Kurzem  die  ziemlich  eigenartigen  biophysikalischen 
Bedingungen,  wie  sie  in  den  an  die  Station  grenzenden  Meeresbe- 
zirken  beobachtet  werden.  Fiigt  man  noch  das  zeimlich  Kalte, 
nur  in  geringem  Maasse  durch  den  Einfluss  des  Golfstroms  gemilderte 
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Klima  (die  mittlere  Temperatur  der  Stadt  Alexandro\*sk  betragt 
wenig  iiber  0°  C),  den  eigenartigen,  zwei  Monate  andauernden  Tag 
(etwa  vom  26  Mai  bis  zum  18  JuH),  und  die  fast  noch  eigenartigere 
Polarnacht  mit  ihren  Nordliehtern  (annahemd  vom  27  November  bis 
zum  17  Januar)  hinzu,  so  wird  man  sich  aus  der  Gesamtheit  dieser 
Angaben  diejenigen  Bedingungen  mehr  oder  weniger  deutlieh  vor- 
stellen  konnen,  unter  welcher  das  Leben  und  Arbeiten  der  biolo- 
gischen  Murman-Station  besuchenden  Forscher  verlauft. 

Die  biologisehe  Station  war  im  Jahre  1899  infolge  verschiedener 
Umstande  von  den  im  Weissen  Meere  gelegenen  Solowetzki-Inseln 
naeh  der  Stadt  Alexandrovsk  (Gouv.  Archangelsk)  verlegt  worden. 
Angesichts  verschiedener  Schwierigkeiten  wurde  der  Bau  und  die 
definitive  Einriehtung  der  Station  einigermaassen  verrogert,  so  dass 
erst  im  Jahre  1904  deren  Zustandsetzung  beendet  wurde  und  der 
Beginn  der  regelmassigen,  durch  keinerlei  Storungen  unterbrochenen 
Arbeit  erfolgte. 

Gegenwartig  besteht  die  Station  aus  mehreren  Gebauden ;  dieser 
sind:  (1)  das  grosse  zweistoekige  Hauptgebaude,  in  welehem  sich 
folgende  Raumlichkeiten  befinden:  zwei  grosse  Laboratorien  mit 
zehn  Arbeitsplatzen,  die  Bibliothek,  das  Museum,  das  Reagentien- 
zimmer,  ein  Zimmer  zum  Sortieren  der  Sammlungen,  der  Aquarien- 
raum,  das  photographische  Zimmer  und  mehrere  Wohnraume  fiir 
die  auf  der  Station  Arbeitenden;  (2)  ein  zweistockiges  holzemes 
Wohnhaus  fiir  das  Personal  der  Station ;  (3)  ein  grosser  Schuppen,  in 
welehem  die  Fanggerathe  u.  dergl.  m.,  Bote  und  im  Winter  auch  das 
Segelfahrzeug  der  Station  aufbewahrt  werden ;  (4)  das  Maschinenhaus, 
in  welehem  sich  ein  Bottger'scher  Motor  nebst  einer  Pumpe  befindet, 
welches  Seewasser  aus  einer  Tiefe  von  15  m.  entnimmt  (wo  das 
Wasser  schon  keinen  starken  Schwankungen  im  Salzgehalt  unter- 
worfen  ist,  wie  wir  sie  in  den  obersten  Schichten  des  Katharinen- 
Hafens  beobachten  konnen;  der  Salzgehalt  des  Wassers  in  den 
Stationsaquarien  schwankt  annahernd  zwischen  33.30  und  34.29%o) ; 
endlich  (5)  ein  hoher  Wasserthurm,  auf  dessen  oberster  Plattform 
die  Behalter  fiir  die  See-  und  Siisswasser-leitungen  untergebracht 
sind. 

Fiir  den  Fang  von  Thieren  stehen  der  Station  ein  zweimastiges 
halbgedecktes,  flachgehendes  ihit  eisernem  verstellbaren  Kiel  ver- 
sehenes  Segelfahrzeug,  die  "Orca"  (nach  dem  Typus  der  ameri- 
kanischen  Hochseefischerboote  erbaut),  sowie  mehrere  Segel-  und 
Ruderbote  zur  Verfiigung.  Ausserdem  wird  gegenwartig  der  Bau 
eines  gedeckten  grossen  Segelfahrzeugs  beendet,  welches  volbtandig 
fiir  Arbeiten  auf  hoher  See  eingerichtet  und  ausserdem  mit  einem 
Motor  fiir  den  Betrieb  einer  Schraube  sowie  einer  Winde  und  der 
Ankerspille  versehen  sein  wird. 

Die  Station  ist  das  ganze  Jahr  hindurch  geoffnet,  doch  erscheinen 
infolge  der  Schwierigkeiten,  mit  welcher  die  Arbeit  im  Winter  ver- 
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bunden  ist,  die  Monate  von  April  bis  September  als  die  giinstigste 
und  productivste  Arbeitszeit. 

Jeder  Forscher,  welehen  ein  Platz  auf  der  Station  zugetheilt  wird, 
erhalt  einen  Arbeitstisch  im  Laboratorium,  ein  Wohnzimmer,  die 
wichtigsten  Reagentien,  das  nothige  Glasgesehirr  und  einige  Arbeits- 
aquarien  mit  standig  durehfliessendem  Wasser.  Ausserdem  steht 
den  auf  der  Station  Arbeitenden  ein  Thermostat  nach  Sartorius,  ein 
Jung'sches  Mikrotom  sowie  verschiedene  andere  nothwendige  Appa- 
rate  und  Instrumente  zur  Verfiigung. 

Angesichts  des  verhaltnismassig  kurzen  Bestehens  der  Station 
am  Ufer  der  Barents-See  kann  die  systematische  Bearbeitung  der  die 
Station  umgebenden  Fjorde  und  Buchten  bewohnenden  Fauna 
naturgemass  noch  durchaus  ittcht  als  beendet  betraehtet  werden; 
niehts  desto  weniger  geben  die  bis  jetzt  erzielten  Resultate  bereits  ein 
reichhaltiges  Material  zur  Beantwortung  maneher  zoogeographiseher 
und  bio-physikalischer  Fragen. 

Indem  die  ausfuhriiche  Aufzahlung  aller  bis  jetzt  auf  der  Station 
gefundenen  Formen  und  ein  detailliertes  Eingeben  in  alle  erhaltenen 
Ergebnisse,  die  hochgeehrte  Versammlung  ermiiden  wiirde,  beab- 
sichtige  ich  nur  auf  folgende  Thatsachen  hinzuweisen. 

Auch  fur  die  Fauna  des  Kola-Fjords  behalt  der  schon  langst 
fiir  andere  arctisehe  Gebiete  ausgesprochene  Satz  seine  voile  Giiltig- 
keit,  wonach  in  derartigen  Gebieten  bei  einem  Reich thum  an  In- 
divfduen  eine  Armuth  an  Arten  beobachtet  wird.  Ausserdem  re- 
prasentiert  das  Ufergebiet  des  Murman-Meeres,  und  folglich  auch 
der  Kola-Fjord,  da  sie  jenseits  des  Polarkreises  gelegen  sind  und 
gleichzeitig  unter  dem  Einflus  eines  Armes  des  Golfstromes  stehen, 
ein  Gebiet,  wo  wir  rein  arctisehe  Formen  mit  mehr  siidlichen  Formen 
des  warmen  Wassers  vermengt  antreflen.  So  finden  wir  zum  Bei- 
spiel  unter  den  Bryozoa  des  Kola-Fjords  neben  Kineloskias  arbore- 
scent Cor.  et  Dan.,  Psevdoflustra  solida  Stimps.,  Porella  saccaia  B., 
Smittia  ardica  (forma  majuscida)  Sm.,  Rhamphostomella  div.  spec, 
Tvbidipora  penicillata  Fabr.,  Defrancia  Ivcernaria  M.  Sars.,  Barentsia 
major  Hincks  auch  Formen,  wie  Tessarodoma  gracUe  M.  Sars  und 
Smittia  patens  Sm.;  unter  den  Crustaceen:  Hippolyte  polaris  Sab. 
und  andere  Formen  des  kalteren  Wassers  neben  PontophUus  norve- 
gicus  M.  Sars;  unter  den  Tunicaten  finden  wir  zusammen  mit 
Ascidia  dijmphniana  Tr.,  Ascidia  jinmarkiensis  (Kiaer),  Chelyosoma 
macleayanum  Brod.  et  Sow.,  Leptoclinum  roseum  Sars  auch  Distomus 
crystalliniLs  Renn.,  welch'letztere  Form  wohl  ausschliesslich  infolge 
der  Einwirkung  des  Golfstroms  im  Kola-Fjord  gefunden  wird. 
Ferner  sehen  wir  hier  so  ausgesprochen  arctisehe  Arten,  wie  Eupyrgus 
scaber  Liitk,  Myriotrochus  rinki  Steenstr.,  Siphonodentalium  vitreum 
M.  Sars,  Pleuroleura  walteri  Kr.  und  daneben  den  warmeren  Ge- 
wassern  eigenthiimlichen  Octopus  bairdi  Verr. 

Was  die  Verbreitung  der  Thiere  nach  Zonen  betrifft,  so  sind  drei 
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Zonen  am  scharfsten  ausgesprochen :  (1)  Die  Littoralzone  mit  vor- 
wiegenden  Littorina  rvdis,  Littorina  littorea,  Purpura  lapUluSy  Acmaea 
tesiudincdiSf  MytUu^s  edvlis,  Balanv^  balanoides,  Gammarus  loeiisla 
u.  a.  m.  Sehr  haufig  finden  wir  in  der  Littoralzone  eine  Menge 
nackter  MoUusken  aus  den  Aeoliden,  wobei  deren  Auftreten  deutlich 
mit  der  Abnahme  des  Salzgehalts  im  Wasser  zusammentrifft ;  diese 
Mollusken  kann  man  erst  in  der  zweiten  Halfte  des  Sommers  wahrend 
der  Ebbezeit  auf  den  steinigen,  massenhaft  mit  Ftums  vesicvlosus  und 
Ozothalia  nodosa  bewachsenen  Ufern  finden,  wenn  die  starke  durch 
die  Schneeschmelze  hervorgerufene  Verminderung  des  Salzgehalts 
der  oberflachlichen  Wasserschicht  bereits  voriibergegangen  ist. 
(2)  Die  Laminarien-Lithothamnien-Sehicht  mit  verwiegenden  Chiton 
marmoreuSy  Natica,  Margarita  heU^7ia,  Bela  div.  spec.,  Lacuna 
divaricata,  Saxicava  ardica,  Anomia  ephippium,  Pecten  islandicus, 
Cardium  div.  spec.,  Balanits  porcatits,  Strongylocenlrotvs  droebachienr' 
sis,  Cucumaria  frondosa,  Halocynthia  ardica  u.  a.  m.  (3)  Die  Zone 
der  Bryozoen  und  Brachyopoden  (RhynchoneUa  psittacea  Gm., 
Terebratidina  caput-serpentis,  T,  septentrionalis  und  Waldhemia 
cranium).  Ausserdem  finden  wir  an  den  tiefsten  Stellen  des  Kola- 
Fjords  noch  eine  vierte  Tiefsee-Zone  (200  m.  und  dariiber),  fiir 
welche  die  Answesenheit  von  SiphoTiodenialium  vitreum,  Ophiocantha 
bidentata  und  einiger  Bryozoen  recht  characteristisch  ist. 

Erwahnung  verdient  auch  der  Umstand,  dass  ungeachtet  der 
weiten  Verbreitung  der  meisten  Formen  in  vertikaJer  Richtung, 
cin  betrachtlicher  Theil  derselben  in  der  grossten  Menge  von  Exem- 
plaren  nur  in  bestinmiten  Tiefen  angetroffen  wird;  dabei  werden 
ganz  bestimmte  Bodenbeschaflfenheiten  gewahlt,  mit  deren  Chara- 
cter natiirlich  auch  die  ubrigen  physiko-geographischen  Lebensbe- 
dingungen  im  Zusammenhang  stehen,  wie  z.  B.  die  Geschwindigkeit 
und  Richtung  der  Stromungen  und  mehrere  andere  Factoren. 

Mit  diesen  Erscheinungen  hangt  unter  anderen  auch  das  Vor- 
handensein  besonderer  Gesellschaften  oder  Gruppen  der  allerver- 
schiedensten  wirbellosen  Thiere  zusammen,  welche  sich  in  bestimmten 
Tiefen  bei  ganz  bestimmten  Lebensbedingungen  zusammenfinden ; 
es  muss  hinzu  natiirlich  bemerkt  werden,  dass  wir  bisweilen  ein  und 
dieselben  Thierarten  in  verschiedenen  Gesellschaften  antreffen 
konnen,  mit  dem  Unterschiede  jedoch,  dass  das  Verhaltnis  zwischen 
der  Zahl  der  Individuen  dieser  Arten  und  der  Individuenzahl  der 
ubrigen  Arten,  ihrer  Nachbarn,  in  den  verschiedenen  Gesellschaften 
auch  ein  verschiedenes  sein  wird. 

Diese  Thatsache  stimmt  durchaus  mit  den  Angaben  iiberein, 
welche  Stuxberg  schon  vor  langer  Zeit  bezfiglich  der  Vertheilung  der 
wirbellosen  Thiere  in  dem  Karischen  Meere  und  den  nordsibirischen 
Meeren  mitgetheilt  hat;  es  ist  hier  nur  der  einzige  Unterschied  zu 
beachten,  dass  die  Formationen  von  Stuxberg,  wie  auch  zu  erwarten 
war,  nicht  mit  denjenigen  Formationen  ubereinstimmen,  welche  wir 
im  Kola-Fjord  antreffen. 
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In  gegenwartiger  Zeit  hat  sich  der  Character  und  der  Bestand  der 
wichtigsten  faunistischen  und  floristischen  Formationen  des  Kola- 
Fjords  in  deren  hauptsachlichsten  Grundziigen  bereits  fast  voU- 
standig  ^.ufgeklart,  und  ich  erlaube  mir  der  Hoffnung  Ausdruck  zu 
geben,  dass  es  mir  in  Balde  gelingen  wird,  die  Ergebnisse  meiner 
diesbeziiglichen  Beobachtungen  in  Balde  veroffentlichen  zu  konnen. 
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THE   FAUNAL   RELATIONS   OF  THE   DINOFLAGEI^ 
LATA  OF  THE  SAN   DIEGO  REGION 

CHARLES  ATWOOD  KOFOED 

The  examination  of  the  plankton  of  the  San  Diego  region  carried 
on  for  the  past  seven  years  at  the  San  Diego  Marine  Biological  Sta- 
tion has  afforded  an  opportunity  to  estimate  with  some  d^ree  of 
definiteness  the  relation  which  the  pelagic  fauna  of  that  region  bears 
to  other  well  known  and  more  thoroughly  explored  localities.  The 
foundation  of  the  station  upon  a  permanent  basis,  with  ample  build- 
ings and  a  sea-going  vessel,  combined  with  agreeable  and  stable 
chmatic  and  meteorological  conditions,  makes  this  station  one  of  the 
attractive  places  for  the  naturalist  or  investigator  desiring  most  favor- 
able conditions  for  attacking  problems  of  marine  zoology.  A  brief 
comparison  of  the  fauna  as  represented  by  one  of  the  best  known 
groups  at  San  Diego  with  the  same  groups  as  known  elsewhere  will 
therefore  be  of  interest  as  a  means  of  orientation  of  this  new  station, 
both  in  matters  of  geographical  affinities  and  as  an  index  of  the 
comparative  wealth  of  its  biological  resources. 

The  pelagic  fauna  is  peculiarly  fitted  to  afford  such  a  test,  for  it  is 
essentially  cosmopolitan  in  its  distribution  and  is  therefore  available 
as  a  common  basis  for  comparison  of  all  seas,  far  more  than  the  littoral 
fauna  which  reflects  to  a  very  large  degree  the  immediate  effect  of 
purely  local  factors. 

The  collections  upon  which  this  comparison  is  based  cover  all 
seasons  of  the  year,  and  constitute  a  fair  sample  of  the  territory,  erf 
that  between  shore  and  the  edge  of  the  continental  shelf  150  miles 
distant  and  to  depths  of  600  fathoms,  though  much  of  material  was 
taken  within  10  miles  of  shore  and  250  fathoms  of  the  surface.  The 
territory  explored  lies  upon  the  submarine  plateau,  upon  which  the 
Santa  Barbara  Islands  stand,^  off  Southern  California,  and  is  swept 
by  the  southeasterly  California  current.  The  annual  range  in  tem- 
perature of  surface  waters  along  shore  is  from  about  12.6°  to  21°  C. 
with  a  predominant  temperature  between  16°  and  18°,  while  the  geo- 
graphical location  is  32°  40'  N.  117°  30'  W.,  approximately  the 
latitude  of  the  Bermudas,  the  Madeiras,  the  Southern  Mediterranean, 
and  of  Misaki. 

This  continued  examination  at  the  San  Diego  Station  has  brought 
to  light  about  212  species,  of  which  40  are  new.  The  list  includes 
nearly  all  of  the  valid  species  from  warm  temperate  seas.    This  large 
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number  of  species  is  in  part  an  index  of  the  completeness  of  the  ex- 
ploration, but  may  also  be  an  index  of  the  richness  of  the  pelagic 
fauna.  In  the  comparisons  which  follow  the  writer  does  not  express 
any  opinion  as  to  the  validity  of  the  species  recorded  by  the  various 
authors  cited.  There  is  also  a  considerable  margin  of  uncertainty 
regarding  some  of  the  species,  owing  to  imperfect  descriptions  and 
obscure  synonomy.  These  defects-are  not,  in  his  opinion,  sufficiently 
important  to  materially  affect  the  general  conclusions  here  drawn. 

The  most  fully  explored  European  territory  is  that  of  the  North 
Sea  and  its  adjacent  waters,  recentiy  subjected  to  exhaustive  exam- 
ination by  the  various  sections  of  the  International  Commission  for 
the  Investigation  of  the  Sea,  with  the  total  result  of  70  species  of 
dinoflagellates.  Of  this  number  56  occur  at  San  Diego,  and  of  the 
14  not  found  4  are  arctic  species,  and  6  belong  to  brackish  water, 
while  the  other  four  are  recently  described  and  apparentiy  rare. 

The  large  proportion  of  known  northern  forms  found  at  San  Diego 
is  still  better  illustrated  by  the  fact  that  of  the  30  Norwegian  species 
all  but  4  are  found,  and  of  the  21  listed  by  Linko  (:07)from  Bar- 
ents Sea,  north  of  Russia,  all  but  2  occur  at  San  Diego.  This  large 
representation  of  the  arctic  fauna  in  the  plankton  of  tibe  low  latitude 
of  San  Diego  is  explained  by  the  southerly  bound  off-shore  California 
Current,  whose  deeper  waters,  usually  at  about  50  fathoms,  often  carry 
a  large  burden  of  moribund  diatoms  and  dinoflagellates  of  distinctly 
northern  facies.  The  San  Diego  list  also  includes  all  but  2  of  the 
21  species  found  by  the  "Valdivia"  (Karsten  :05)  in  the  Antarctic. 

In  warm  temperate  latitudes  to  which  San  Diego  properly  belongs 
the  best  known  dinoflagellate  fauna  is  that  of  Naples  where,  as  a 
result  of  the  investigations  of  Entz  ('84),  Klebs  ('84),  Daday  ('88), 
Schroder  (:00),  and  Dogiel  (:07),  102  species  had  been  brought  to 
light.  Of  these,  79  occur  at  San  Diego,  and  of  the  23  which  have  not 
been  found  but  4  are  well  known  oceanic  tropical  species,  while  the 
remainder  are  all  rare  or  obscure  and  in  many  cases  described  from 
neritic  fauna. 

The  general  similarity  of  the  fauna  of  San  Diego  to  that  of  the 
Mediterranean  is  further  evidenced  by  the  lists  which  Schroder  ( :  06) 
has  but  recently  published  and  by  the  earlier  work  of  Gourret  ('83). 
Gourret's  lists  from  Marseilles  number  58  species  of  which  all  the 
recognizable  ones  occur  at  San  Diego,  and  of  the  37  species  listed 
from  the  northern  Adriatic  by  Schroder  all  but  one  are  found,  and  of 
50  from  the  Ionian  Sea  all  but  3.  Pavillard's  ( :  05)  carefully  made  list 
from  Cette  in  southern  France  contains  65  species  of  which  but  8  are 
as  yet  unknown  at  San  Diego. 

The  warm  temperate  affinities  of  the  San  Diego  dinoflagellates 
appear  also  in  a  comparison  with  Japanese  waters,  where  Okamura 
(:04  and  :07)  has  found  50  species,  and  Schroder  (:06)  37,  all  but 
one  of  which  are  known  at  San  Diego. 


Digitized  by 


Google 


924        Vn.    INTERNATIONAL  ZOOLOGICAL  CONGRESS 

The  relatively  large  proportion  of  the  semi-tropical  and  even 
tropical  fauna  which  occurs  at  San  Diego  is  apparent  from  the  fol- 
lowing comparisons  based  on  lists  of  Schroder  or  others. 


Locality 


Red  Sea  (Schroder) 
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This  relatively  large  representation  of  the  semi-tropical  and 
tropical  fauna  at  San  Diego  is  probably  due,  not  only  to  its  latitude 
but  also  to  the  fact  that  in  midwinter  there  was  (at  least  in  the  winter 
of  1903-1904)  a  considerable  invasion  of  plankton  of  tropical  char- 
acter due  probably  to  the  temporary  northward  extension  of  an  in- 
shore return  current  indicated  in  the  hydrographical  charts  off  the 
coast  of  Mexico  and  Lower  California. 

Not  infrequently  the  plankton  of  the  San  Diego  region  exhibits  an 
unusual  proportion  of  plankton  debris,  broken  and  empty  thec«e  and 
moribund  individuals  m  the  case  of  the  dinoflagellates,  as  well  as 
skeletal  remains  of  other  groups,  such  as  the  Radiolaria  and  Cope- 
poda.  This  condition  is  strongly  suggestive  of  evidence  of  the  up- 
welling  of  deeper  waters  against  the  continental  shelf  which  has 
been  elsewhere  described  for  the  Pacific  coast  from  the  data  of 
temperatures  by  Holway  (:05).  It  is  not  improbable  that  the 
immense  outbreaks  of  ** rusty  seas"  occasioned  by  Dinoflagellata, 
principally  Gonyavlax  polyhedra  (Torrey  :02),  which  are  common 
along  the  western  coasts  of  the  continent,  are  occasioned  by  the 
nitrogenous  enrichment  of  the  surface  waters  by  this  upwelling 
(Nathanson  :06). 

Not  all  of  the  tropical  fauna  is,  however,  found  at  San  Diego,  as 
is  seen  in  the  fact  that  of  the  89  species  found  by  Murray  and  X\Tiit- 
ting  ('99)  in  the  tropical  Atiantic  only  44  are  recorded  at  San  Diego, 
and  of  the  99  new  species  from  the  tropical  Pacific  recentiy  described 
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by  me  ( :  07)  only  4  have  been  found  there.  The  characteristic  tropical 
species  lie  largely  in  the  genera  Heterodinium,  Centrodinium,  and 
amons  the  Dinophysidae. 

While  the  neritic  fauna  is  abundantly  represented  at  San  Diego  in 
the  plankton  of  its  extensive  bay  and  in  coastal  waters,  the  species  of 
more  strictly  oceanic  distribution  are  immediately  at  hand.  This  is 
evident  in  the  fact  that  of  the  97  species  brought  to  light  by  the  ex- 
tensive and  wide-reaching  examination  made  by  Cleve  ( :  00  and  :  02) 
of  Atiantic  plankton  of  the  high  seas,  only  20  are  not  recorded  at  San 
Diego,  and  of  these  20, 2  are  arctic,  12  tropical,  and  the  remainder  very 
rare  species.  Of  the  "  Valdivia  "  expedition  46  species  reported  by 
Karsten  ( :  06)  from  the  Atlantic  only  4  are  absent  from  San  Diego, 
and  these  are  tropical.  Schroder's  33  species  from  the  open  Pacific 
at  25°-30°  N.,  and  all  but  2  of  Lemmermann's  ('99)  49  from  several 
localities  in  the  open  Pacific,  appear  at  San  Diego. 

The  dinoflagellates  of  this  region  thus  represent  a  wide  range  of 
the  pelagic  fauna,  including  both  arctic  and  tropical  species.  The 
component  species  are  predominantly  semi-tropical  in  their  relation- 
ships. Both  neritic  and  oceanic  faunas  are  fully  represented,  the 
former  exceptionally  so,  for  a  coastal  locality. 

The  conclusions  here  presented  regarding  the  tropical  affinities 
and  oceanic  character  of  the  plankton  are  borne  out  by  the  data  from 
the  Copepoda  of  the  region  (Esterly  :  05)  and  by  that  from  the  Tuni- 
cata  (Ritter  :04).  An  investigation  of  the  chaetognaths  now  in 
progress  points  conclusively  to  the  same  direction. 


LITERATURE   CITED 

Oleve,  P.  T. 

1900.  The  seasonal  distribution  of  Atlantic  plankton  organisms.  Goteborg. 
368  pp.  Also  in  Goteborg's  Vetensk.  Handl.,  4  Folge,  v.  3,  pp.  1-368. 

1901.  Plankton  from  the  Indian  Ocean  and  the  Malay  Archipelago.  Svenska 
Ak.  Handl.,  Stockholm,  v.  34,  No.  5,  58  pp.,  2  figs.,  8  pis. 

1902.  Additional  notes  on  the  seasonal  distribution  of  Atlantic  plankton 
organisms.  Goteborg.  51  pp.  Goteborg's  Vetensk.  Handl.,  4  Folge,  v.  4, 
pp.  1-51. 

Daday,  E.  V. 

1888.  Systematische  Ubersicht  der  Dinoflagellaten  des  Golfes  von  Neapel. 
Termes.     Fuzetek,  v.  11,  pp.  98-109,  pi.  3. 

Dogiel,  y. 

1906.  Beitrage  zur  Kenntnis  der  Peridineen.  Mt.  Stat.  Neapel,  v.  18,  pp. 
1^5,  pis.  1,  2. 

Entz,  O. 

1884.  A  ndpolyi  obol  osill68zor68  dzaldkdllatkai.  Ow.  Term.  Est.  Erdel. 
Mus.,  Kolozsvart,  pp.  239-244. 

Esterly,  0.  O. 

1906.  The  Pelagic  Copepoda  of  the  San  Diego  Region.  Univ.  Calif.  Publ. 
Zool.,  V.  2,  pp.  112-232,  62  text  figs. 


Digitized  by 


Google 


926     MI.    E^TERNATIONAL  ZOOLOGICAL  CONGRESS 

Oonrret,  P. 

1883.  Sur  les  Peridiniens  du  Golfe  de  Marseille.  Ann.  Mus.  Marseille,  T.  1, 
No.  8,  114  pp.,  4  pis. 

Holway,  R.  S. 

1906.  Cold  water  belt  along  the  West  Coast  of  the  United  States.  Univ. 
Calif.  Pubs.  Geol.,  v.  4,  pp.  263-286,  pis.  31-37. 

Karsten,  O. 

1905.  Das  Phytoplankton  des  Antarktischen  Meeres  nach  dem  Material  der 
deutschen  Tiefsee-Expedition,  1898-1899.  Wiss.  Ergebn.  d.  deutsch. 
Tiefsee  Exp.,  B.  2,  Teil  2,  pp.  1-136. 

1906.  Das  Phytoplankton  cfes  Atlantischen  Oceans.  Ibid.,  pp.  137-219, 
Taf.  20-34. 

Klebs,  O. 

1884.  Ein  kleiner  Beitrag  znr  Kenntniss  der  Peridineen.  Bot.  Zeitung, 
V.  42,  pp.  721-733,  737-745,  pi.  10. 

Kofoid,  0.  A. 

1907.  Reports  on  the  Scientific  Results  of  the  Expedition  to  the  Eastern 
Tropical  Pacific,  in  charge  of  Alexander  Agfcsiz,  by  the  U.  S.  Fish  Com- 
mission Steamer  "Albatross,"  from  October,  1904,  to  March,  1905,  Lieut.- 
Commander  L.  M.  Garrett,  U.  S.  N.,  Commander.  IX.  New  Si>ecie8  of 
Dinoflagellates.     Bull.  Mus.  Comp.  Zool.,  v.  50,  pp.  163-207,  pis.  1-17. 

Lemmeniiann,  E. 

1899.  Ergebnisse  einer  Reise  nach  dem  Pacific.  (H.  Schauinsland  1896- 
1897.)    Planktonalgen.  Abh.  Ver.  Bremen,  Bd.  16,  pp.  313-398,  pis.  1-3. 

Linko,  A.  K. 

1907.  Untersuchimgen  Ober  das  Plankton  des  Barents-Meeres.  Wiss.  Mur- 
man-Exped.  St.  Petersburg,  245  pp.,  21  figs. 

Murray,  O.,  and  Whitting,  F. 

1899.  New  Peridiniacese  from  the  Atlantic.  Tr.  Linn.  Soc.  London. 
Second  series.    Botany,  v.  5,  pp.  321-342,  9  tables,  pis.  27-33. 

Nathanaon,  A. 

1906.  Ueber  die  Bedeutung  vertikaler  Wasserbewegungen  far  die  Pro- 
duktion  des  Planktons  im  Meere.  Abh.  math.  —  phys.  Kl.  kgl.  sachs. 
Gesellsch.     Wiss.,  Bd.  29,  pp.  355-433. 

Okamora,  K. 

1907.  An  annotated  list  of  Plankton  micro-organisms  of  the  Japanese  coast. 
Annot.  Zool.  Japon.,  v.  6,  pp.  125-151,  pis.  3-6. 

Okamura,  K.,  and  Nishikawa,  T. 

1904.  A  list  of  the  species  of  Ceratium  in  Japan.  Annot.  zool.  Japon.,  Tokyo, 
V.  5,  pp.  121-131,  pi.  6. 

Ostenfeld,  0.  H.,  og  Schmidt,  J. 

1901.  Plankton  fra  det  Rode  Hav  og  Adenbugten.  (Plankton  from  the 
Red  Sea  and  the  Gulf  of  Aden.)  Vid.  Medd.,  Copenhagen,  pp.  141- 1S2, 
30  figs. 

Pavillard,  J. 

1906.  Recherches  sur  la  flore  p^lagique  (phytoplankton)  de  I'^tang  de 
Thau.  Travail  de  I'lnstitut  Bot.  de  VUniversite  de  Montpellier  et  de  la 
Stat.  Zool.  de  Cette.    Serie  Mixte,  Mem.  No.  2,  116  pp. 

Hitter,  W.  E. 

1906.  The  pelagic  tunicata  of  the  San  Diego  Region  excepting  the  Taf- 
vacea.    Univ.  Calif.  Publ.  Zool.,  v.  2,  pp.  50-112,  pis.  4-5,  23  figs. 


Digitized  by 


Google 


DINOFLAGELLATA  OF  THE  SAN  DIEGO  REGION      927 

Schrdder,  B. 

1900.  Das  Phytoplankton  des  Golfes  von  Neapel  nebst  vergleichenden 
Ausblicken  auf  das  des  atlantischen  Oceans.  Mt.  Stat.  Neapel,  v.  14,  pp. 
1-39,  pi.  1. 

Schrtfder,  B. 

1906.  Beitrage  zur  Kenntniss  des  Phytoplanktons  warmer  Meere.  Vier- 
teljahrschr.     Zurich,  Bd.  50.  pp.  319-377,  46  figs. 

Torrey,  H.  B. 

1902.  An  unusual  occurrence  of  Dinoflagellata  on  the  California  coast. 
Amer.  Natural.,  v.  36,  pp.  187-192,  3  figs. 


Digitized  by 


Google 


SIGNIFICANCE   OF  CERTAIN   FORMS  OF  ASYMMETRY 
OF  THE   DINOFLAGELLATES 

CHARLES  ATWOOD  KOFOID 

The  bilateral  asymmetry  of  the  body  of  Protozoa  and  other 
minute  organisms  is  well  known.  In  locomotion,  as  these  organisms 
move  forward,  they  rotate  upon  their  own  major  axis  and  pursue  a 
spiral  course  of  greater  or  less  radius  about  the  axis  of  progression. 
The  asymmetry  of  the  body  is  directly  correlated  with  this  spiral 
course  in  locomotion. 

The  Dinoflagellates  form  no  exception  to  this  general  rule.  The 
powerful  transverse  flagellum  provides  for  the  rotation  of  the  body, 
and  the  even  more  effective  longitudinal  one  serves  as  a  propelling 
and  steering  organ.  No  instance  of  complete  bilateral  asynmietry  is 
known  to  me  among  the  several  hundred  species  in  the  group.  It 
is  on  the  left  side  of  the  body  that  the  flagella  originate  or  to  which  the 
transverse  one  always  turns,  and  it  is  always  this  side  that  is  the 
longer  or  exhibits  the  greater  structural  development.  Fundamental 
asymmetry  thus  attends  the  arrangement  of  the  flagella.  Thus  in 
Ceratium  the  left  antapical  horn  is  longer  than  the  right,  and  the 
postmargin  of  the  midbody  is  ^oblique  toward  the  longer  horn. 
Throughout  the  group  the  transverse  girdle  which  carries  the  trans- 
verse flagellum  is  usually,  though  not  universally,  wound  about  the 
body  in  a  descending  right  spiral,  which  among  some  of  the  Gym- 
nodinidse  encircles  the  body  twice,  with  a  total  displacement  between 
the  ends  of  more  than  half  the  length  of  the  body,  with  an  accom- 
panying twisting  of  the  longitudinal  furrow.  Types  of  asymmetry 
such  as  these,  and  indeed  of  many  others  among  the  bizarre  and 
grotesque  forms  which  these  organisms  display,  are  plainly  corre- 
lated with  their  spiral  course  in  locomotion.  These  forms  of  asym- 
metry are  strikingly  absent  among  the  Radiolaria  in  which  locomotor 
organs  are  entirely  absent,  except  in  the  motile  spores,  which  are 
provided  with  flagella. 

There  is  developed  in  this  group  of  Dinoflagellates  to  an  extent 
scarcely  equalled  in  any  other  group  of  pelagic  organisms  a  diversi- 
fication and  differentiation  of  the  thecal  wall  by  extension  of  spines 
and  horns,  fins,  ribs,  and  reticulations,  which  increase  the  specific 
surface  and  "form  resistance"  of  the  organism  and  thus  facilitate 
its  flotation,  and  are  therefore  preserved  by  natural  selection,  though 


Digitized  by 


Google 


ASYMMETRY  OF  THE  DINOFLAGELLATES  929 

selection  seems  inadequate  to  explain  the  origin  of  the  range  and 
variety  of  the  diversifications  which  have  arisen.  Among  the  varied 
patterns  which  the  species  of  this  group  afford  are  not  a  few  in- 
stances of  asymmetry  of  skeletal  plates,  spines,  or  surface  markings 
which  belong  merely  in  this  category  of  generally  useful  extensions 
of  the  surface,  but  for  which  no  special  utility  appears  to  inhere  in 
the  fact  of  asymmetry.  Many  examples  of  this  apparently  meaning- 
less asymmetiy  will  be  found  among  the  unique  forms  of  Histioneis. 
.  There  is  among  the  Dinoflagellates,  however,  a  type  of  asymmetry 
which  is  not  merely  increase  of  surface,  nor  is  it  on  the  other  hand 
directly  correlated  with  the  spiral  movement,  but  subserves  a  wholly 
different  purpose.  In  its  simplest  form  it  appears  in  most  of  the 
elongated  species  of  Ceratium,  as  in  C  pennaium,  where  the  greatly 
developed  left  antapical  horn,  and  sometimes  also  the  apical,  are 
curved  in  a  more  or  less  regular  common  arc,  whose  radius  is  one  to 
several  times  the  length  of  the  body.  This  curvature  is  such  that  the 
body  or  horn  is  concave  on  its  sinistro-dorsal  face.  In  C  biceps,  one 
of  the  most  elongated  forms,  there  is  little  or  no  curvature,  but  the 
elongated  left  antapical  horn  is  bent  to  the  left  and  dorsally  from 
the  axis  of  the  anterior  half.  Obviously  such  curvature  with  deflec- 
tion from  the  axis  does  not  facilitate  the  spiral  movement  and  must 
slightly  impede  it,  by  increasing  the  relative  surface  at  a  distance 
from  die  axis  of  rotation,  or  by  increasing  the  radius  of  the  spiral. 

Given  a  vertical  orientation  of  the  body  of  such  a  Ceratium,  it 
is  obvious  that,  on  the  cessation  of  locomotion,  the  body  affords  a 
minimum  vertical  projection  to  the  pull  of  gravity,  and  that  upon  the 
sinking,  which  results  from  the  action  of  gravity  upon  the  slight 
overweight  of  the  body,  the  effect  of  the  asymmetrical  deflection  or 
curvature  of  the  left  antapical  horn  is  to  turn  the  body  in  an  arc 
approaching  that  of  the  horn,  into  a  nearly  horizontal  position  in 
which  the  maximum  vertical  projection  is  opposed  to  the  pull  of 
gravity,  and  moreover  to  repeatedly  bring  the  body  back  toward  the 
horizontal,  as  it  wavers  in  one  direction  or  the  other  from  it,  in  its 
downward  descent.  This  asymmetry  of  the  body  is  thus  an  adapta- 
tion which  impedes  the  passive  descent  of  the  organism  to  abyssal 
regions  in  response 'to  gravity. 

In  other  species  of  Ceratium,  especially  those  of  the  C.  tripos 
type,  where  all  three  horns  are  elongated,  the  asymmetry  is  of  a  dif- 
ferent form  and  in  a  somewhat  different  direction.  The  two  antapi- 
cal horns  in  lateral  view  do  not  lie  in  the  same  plane  with  the  apical, 
but  are  bent  ventrally  at  the  shoulder,  affording  rounded  curves  which 
slope  ventro-laterally  from  the  posterior  end  anteriorly. 

Given  in  this  case  a  vertical  orientation,  there  is  at  the  same  time 
a  minimum  vertical  projection  to  interfere  either  with  forward,  i.  e, 
upward,  progression,  or  a  downward  sinking.  As  in  the  case  of 
C.  pennatum  first  discussed,  the  asymmetry  would  not  interfere  with 


Digitized  by 


Google 


930       Vn.    INTERNATIONAL  ZOOLOGICAL  CONGRESS 

active  locomotion  in  a  straight  line,  for  this  is  accompanied  by  rota- 
tion of  the  body,  but  in  passive  sinking  the  curvature  throws  the 
body  at  once  upon  its  ventral  face  with  the  maximum  exposure  of 
midbody  and  horns  to  the  direction  of  sinking,  and  thus  delays  the 
descent. 

In  some  species  of  Peridinium  and  Heterodinium  there  is  often  a 
marked  obliquity  in  the  girdle,  which  is  high  dorsally  and  low  ven- 
trally,  and  the  antero-ventral  and  postero-dorsal  faces  are  oblique  in 
the  same  direction  to  the  main  axis.  The  result  of  this  obliquity 
in  the  case  of  vertical  orientation  of  the  organism,  and  corresponding 
minimum  vertical  projection,  is  to  turn  the  body,  immediately  upon 
sinking,  into  a  horizontal  position  with  maximum  and  often  quad- 
rupled vertical  projection,  thus  impeding  the  descent  to  the  abyssal 
regions.  This  obliquity  in  these  genera  throws  the  organism  upon 
its  dorsal  face  instead  of  the  ventral,  as  in  Ceratium. 

I  have  here  called  attention  to  but  a  few  of  the  striking  instances 
among  the  Dinoflagellates  of  this  adaptative  asymmetry.  It  appears 
in  curvature  to  the  left  of  the  antapex  of  elongated  forms  of  Amphi- 
solenia,  Triposolenia  *  and  Centrodinium,  in  the  curvature  of  species 
of  Oxytoxum,  and  in  the  obliquity  of  the  ventral  fin  of  the  Dino- 
physidffi  generally,  in  fact  it  is  almost  universal  in  some  form  or 
other  throughout  this  group. 

Observations  on  living  Dinoflagellates  show  that  their  locomotor 
activity  is  intermittent,  and  that  with  no  marked  exceptions  they 
have  an  appreciable  overweight,  for  they  sink  quickly  to  the  bottom 
of  the  aquarium  in  the  adverse  conditions  of  confinement  and  crowd- 
ing in  a  plankton  collection,  possibly  because  of  fatigue  from  con- 
tinued stimulation  on  capture  and  confinement.  This  sinking  occurs 
in  most  cases  even  though  the  normal  temperature  and  therefore  the 
molecular  friction  and  resulting  buoyancy  of  the  water,  to  which  they 
have  been  accustomed,  is  maintained.  The  Dinoflagellates  there- 
fore maintain  themselves  near  the  surface  of  the  sea,  in  part  at  least, 
by  their  own  intermittent  locomotor  activities.  Upon  cessation  of 
locomotion  the  slight  overweight  at  once  tends  to  sink  them  toward 
the  abyssal  regions.  My  observations  on  the  plankton  collected  from 
the  surface  to  depths  of  600  fathoms  indicates  that  most,  if  indeed  not 
all,  of  the  more  common  species  Hve  within  100  fathoms  of  the  surface, 
and  that  below  50  fathoms  the  number  of  moribund  individuals  in 
which  degenerative  changes  in  the  chromatophores  have  reached  an 
advanced  stage  greatly  increases.  Many,  though  by  no  means  all, 
Dinoflagellates  contain  chromatophores.  Some  species  with  holo- 
zoic  nutrition  have  none.  The  evidence  of  distribution  at  hand  points 
plainly  to  the  conclusion  that  optimum  conditions  of  existence  for 
the  Dinoflagellates  lie  within  the  upper  levels  of  more  or  less  illu- 

^  See  Kofoid,  1906,  On  the  Significance  of  the  Asjrmmetry  in  Triposolenia. 
Univ.  of  Calif.  Pubs.  Zool.,  v.  3,  p.  127. 
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mined  water,  and  that  descent  to  the  abyssal  darkness  is  fatal  to 
them. 

Dinoflagellates  are  sensitive  to  light,  respond  to  its  stimulus,  and^ 
exhibit  negative  or  positive  heliotropism  to  conditions  of  illumina- 
tion in  the  laboratory.  The  genus  Pouchetia  possesses  a  so-called 
eye,  with  a  well-developed  lens  and  enveloping  pigment  body,  the 
highest  type  of  light-perceiving  organ  known  among  the  Protozoa. 
It  is  not  improbable  that  under  certain  conditions  of  dim  illumina- 
tion, depending,  it  may  be,  upon  the  intensity  of  the  light,  each  species 
becomes  positively  heliotropic,  and  orients  itself  as  other  heliotropic 
organisms  are  known  to  do,  with  its  antero-posterior  axis  in  a  posi- 
tion parallel  to  the  direction  of  the  rays,  i.  e,  in  a  vertical  position. 
With  very  few  exceptions  in  the  group  this  is  the  axis  of  greatest 
elongation  and  therefore  least  vertical  projection.  In  this  orienta- 
tion locomotion  by  spiral  rotation  results  in  ascent  toward  the  surface 
of  the  sea,  with  the  minimum  "form  resistance"  to  progression. 
But  this  very  orientation,  most  advantageous  for  ascent,  is  also  least 
resistant  to  descent,  and  when  locomotor  activity  ceases,  Sisyphus- 
like, the  organism  would  descend  again  were  it  not  for  the  asymmetry 
caused  by  3ie  curvature  of  the  horn  or  other  adaptation  which,  owing 
to  the  cessation  of  spiral  rotation,  at  once  shifts  the  body  from  a 
position  of  minimum  to  that  of  maximum  vertical  projection  and 
thus  prolongs  the  descent  to  Avemus. 

Types  of  asymmetry  in  actively  moving  species  which  assist  in 
this  shift  in  the  position  of  the  body  upon  sinking  of  the  organism 
are  thus  adaptive  and  of  selective  value. 
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SUMMARY   OF  THE   RESULTS   OBTAINED   FROM  A 

STUDY   OF  THE   RECENT   MADREPORARIA  OF 

THE  HAWAIIAN   ISLANDS   AND   LAYSAN 

T.  WAYLAND  VAUGHAN 

After  the  return  of  the  U.  S.  Bureau  of  Fisheries  steamer  "Al- 
batross" from  the  Hawaiian  Islands  in  1902,  Prof.  C.  H.  Gilbert 
requested  me  to  write  a  report  on  the  Madreporaria  collected  dur- 
ing the  expedition.  As  the  material  proved  more  interesting  than  was 
at  first  anticipated,  and  as  a  considerable  number  of  the  specimens 
of  the  United  States  Exploring  Expedition  under  Captain  Wilkes 
were  preserved  in  the  United  States  National  Museum,  it  was  decided 
to  attempt  as  full  an  account  of  the  Madreporaria  of  the  islands  as 
possible. 

Besides  the  collections  made  by  the  "Albatross"  and  those  already 
in  the  United  States  National  Museum,  I  was  able  to  study  the  ma- 
terial in  the  Yale  University  Museum,  and  Dr.  W.  T.  Brigham, 
Director  of  the  Bernice  Pauahi  Bishop  Museum  at  Honolulu  had 
excellent  collections  made  for  me  on  the  reefs  of  Molokai  and  Oahu. 
Prof.  J.  E.  Duerden,  during  the  summer  of  1904,  made  an  extensive 
collection  of  Hawaiian  shallow-water  corals  under  the  auspices  of  the 
Carnegie  Institution  and  the  American  Museum  of  Natural  History 
of  New  York.  Through  the  courtesy  of  the  officiab  of  these  two 
organizations  an  opportunity  was  given  to  examine  all  of  this  material, 
which  comprised  approximately  2,000  specimens. 

Prof.  Theodore  Studer,  of  Berne,  and  Prof.  Ludwig  Doderlein, 
of  the  University  of  Strassburg,  sent  me  photographs  of  ^e  species  of 
corals  that  they  had  described  from  the  islands.  For  purposes  of 
comparison,  I  had  access  to  the  collections  of  the  United  States 
National  Museum  and  the  Yale  University  Museum,  and  a  collec- 
tion made  by  the  "Albatross"  in  the  South  Pacific  in  1900,  and  an- 
other made  by  Dr.  Charles  Gravier,  of  the  Mus(5um  d'Histoire 
Naturelle,  Paris,  on  the  coast  of  French  Somaliland,  East  Africa, 
were  utilized. 

The  specimens  of  Hawaiian  corab  studied  numbered  between 
4,000  and  5,000,  and  there  was  a  moderate  amount  of  material  from 
other  regions  in  the  Pacific  or  Indian  oceans  available  for  comparison. 

The  results  obtained  from  these  studies  have  been  embodied  in 
a  memoir,  entitled  "Recent  Madreporaria  of  the  Hawaiian  Islands 
and  Laysan,"  and  published  as  Bulletin  59  of  the  United  States 
National  Museum. 
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During  the  investigation  several  objects  were  definitely  borne 
in  mind : 

1.  To  describe  and  figure  all  forms  known  or  supposed  to  occur 
in  the  islands  in  such  a  manner  that  reference  to  previous  pub- 
lications on  the  Madreporaria  found  around  them  would  not  be 
necessary. 

2.  To  throw  as  much  light  as  possible  on  the  morphology  of  their 
hard  parts  and  on  problems  of  classification  dealt  with  from  that 
standpoint. 

3.  To  make  as  thorough  studies  of  the  variation  of  the  different 
forms  as  the  material  and  the  conditions  under  which  the  work  was 
done  would  permit. 

4.  To  record  all  obtainable  data  on  the  physical  conditions  under 
which  the  different  forms  lived,  and  to  ascertain  the  influence  of  depth 
and  temperature  on  distribution. 

5.  To  determine  the  aflBnities  of  the  Hawaiian  Madreporaria  to 
the  Madreporaria  of  other  areas  of  the  Indo-Pacific  region. 

In  the  paper  which  I  have  the  honor  of  reading  to  you,  I  will 
give  the  results  of  the  systematic  work  on  the  fauna,  the  data  obtained 
on  its  bathymetric  and  thermal  distribution,  and  the  conclusions 
regarding  its  zoo-geographic  affinities. 

Systematic  Results 

Previous  to  this  study  about  38  species  of  stony  corals  had  been 
recognized  from  the  Hawaiian  Islands.  The  occurrence  of  several 
of  these,  however,  is  doubtful,  and  at  least  two  of  the  identifications 
of  species  with  those  from  other  regions  are  erroneous.  The  fauna 
as  at  present  known  niay  be  presented  in  the  following  table : 

Madreporaria  Imperforata 

Family  FLABELLIDiE 

Genus  Flabellum,  2  sp.  +  3  var. 

Gardineria,  1  sp. 

Placotrochus,       1  sp. 

Family  CARYOPHYLLIIDiE 

Genus  Desmophyllum,  1  sp. 

Paracyathus,  4  sp. 

Deltocyathus,  1  sp. 

Trochocyathus,  1  sp. 

Caryophyllia,  3  sp.  +  1  var. 

Cyathoceras,  1  sp. 

Ceratotrochus,  1  sp. 
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Family  ANTHEMIPHYLUID^,  new 
Genus  Anthemiphyllia,  1  sp. 

Family  OCULINIDiE 
Genus  Madrepora,  1  sp. 

Family  STYLOPHORID^ 
Genus  Madraeis,  1  sp.  +  1  var. 

Family  POCILLOPORID^ 
Genus  Pocillopora,         7  sp.  +  6  var. 

Family  ORBICELLID^ 
Genus  Leptastrea,  3  sp. 

Cyphastrea,  1  sp. 

Family  FAVIIDiE 
Genus  Coelastrea,  1  sp. 

Favia,  3  sp. 

Family  MUSSIDiE 
Genus  Mussa,  1  sp.  doubtful. 

Madreporaria  Fungida 

Family  FUNGIID^ 
Genus  Fungia,  6  sp.,  2  doubtfuL 

Family  AGARICUDiE 


Genus  Pavona, 

2  sp. 

Leptoseris, 

4  sp. 

Stephanaria, 

2sp. 

Psammocora, 

1  sp. 

Bathyactis, 

1  sp. 

Madreporaria  Perforata 

Family  EUPSAMfflDiE 
Genus  Steplianophyllia,  1  sp. 
Endopachvs,        1  sp. 
Balanophyllia,     3  sp.  -f  1  var. 
Dendrophyllia,    3  sp. 
Anisopsammia,    1  sp. 

Family  ACROPORIDiE 
.  Genus  Aeropora,  1  sp. 

Montipora,  8  sp.  +  1  var. 
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Family  PORITID^ 
Genus  Pontes,  15  sp.  +  21  fonnse  +  7  subformse. 

Family  FAVOSITID^ 
Genus  Alveopora,  1  sp. 

One  family  is  described  as  new,  the  Anthemiphylliidse.  The 
other  families  have  now  become  more  or  less  traditional.  I  should 
like  to  say  that  I  seriously  doubt  the  affinity  of  Alveopora  with  the  Pale- 
ozoic Favosites,  in  spite  of  the  excellent  arguments  that  have  been 
brought  forward  to  maintain  that  conclusion.  I  do  not,  however, 
know  any  modern  perforate  coral  to  which  Alveopora  shows  in  its 
skeletal  characters  close  relationship. 

The  fauna  as  now  known  comprises : 

Families.     Genera.     Species.     Varieties.     Forms.     Subformse. 
Recognized,     15  34  85  13  21  7 

New,  1  1  46  7  19  7 

Great  diflSculty  was  experienced  in  the  systematic  handling  of 
the  material,  because  of  the  known  great  variation  of  corals  and 
the  uncertainty  as  to  what  should  be  considered  a  species.  The 
following  is  the  definition  of  a  species  used:  A  species  is  a  group 
of  individuals  connected  among  themselves  by  iniergrading  characters 
and  separated  by  distinct  lacunas  from  all  other  individu^  or  groups 
of  individuals.  The  word  "variety"  is  employed  in  the  significance 
attributed  to  it  by  systematic  zoologists  in  America,  a  "variety"  is 
connected  by  continuous  variation  with  the  typical  form  of  the  species 
to  which  it  is  considered  to  belong  and  would  be  represented  by  a 
secondary  mode  on  a  species  curve. 

Two  of  the  species,  Porites  compressa  and  Porites  lobata,  are 
divided  into  numerous  "formse"  and  "subformse."  Neither  the 
cause  of  this  variation  nor  the  importance  that  should  be  attached  to 
it,  is  known.  The  importance  of  making  extensive  and  detailed 
studies  of  variation  and  the  subjection  of  the  members  of  the  group 
to  various  physiological  experiments,  should  be  emphasized,  as  we 
probably  shall  not  be  able  to  solve  a  number  of  the  fundamental 
problems  until  we  have  results  from  these  kinds  of  investigations. 

The  succeeding  discussion  will  present  a  number  of  facts  showing 
that  certain  corals  live  under  certain  conditions  of  depth  and  tem- 
perature. The  discovery  of  the  causes,  which  probably  have  a  physio- 
logical basis,  underlying  the  inferred  adjustment  to  environment 
has  not  been  attempted.  Facts  of  the  kind  here  given  merely 
indicate  what  the  distribution  is,  and  are  of  importance  to  the  paleon- 
tologist, as  it  is  by  the  possession  of  such  knowledge  that  he  may 
reconstruct  from  a  study  of  fossils  the  physical  conditions  that  pre- 
vailed during  past  geological  epochs. 
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Bathymetric  Distribution 

This  table  is  not  absolutely  correct,  because  of  the  insufficiency 
of  the  data  regarding  the  depth  at  which  some  of  the  forms  were 
collected,  and~as  some  of  the  species  are  divided  into  "varieties"  or 
"forms"  the  problem  of  comparison  is  additionally  complicated. 
The  following  general  conclusions  are  clearly  indicated : 

The  greatest  number  of  forms  are  developed  in  shallow  water, 
between  0  and  25  fathoms.  There  are  over  five  times  as  many  forms 
between  0  and  25  fathoms  as  between  25  and  40.  Forty  fathoms 
represent  the  maximum  depth  to  which  any  reef  species  extends. 
There  is  rapid  further  decrease  in  the  number  of  forms  between  40 
and  100  fathoms,  the  ratio  to  the  number  occurring  between  0  and 
25  fathoms  being  about  1:10;  between  25  and  40  fathoms,  1:2. 
Only  two  forms  are  peculiar  to  this  depth,  the  others  ranging  into 
shallower  or  deeper  water,  while  one  ranges  into  both  shallower 
and  deeper  water. 

The  number  of  forms  increases  between  100  and  200  fathoms; 
the  ratio  to  the  number  between  40  and  100  being  3:1.  Between 
200  and  300  there  is  a  marked  decrease ;  between  300  and  400  a  still 
further  decrease.  From  100  to  400  fathoms,  however,  seems  to  be  a 
second  faunal  zone. 

Thirty-four  of  the  124  forms  considered  in  the  table  occur  between 
100  and  400  fathoms.  Not  one  of  them  ranges  into  deeper  water, 
while  only  4  occur  in  shallower  water.  Within  this  zone  species  are 
most  numerous  between  100  and  200  fathoms. 

A  tabulation  of  the  genera  according  to  bathymetric  distribution 
shows  even  more  clearly  than  the  discussion  of  the  species  the  exist- 
ence of  two  bathymetric  faunal  zones :  one,  between  0  and  25  fathoms ; 
the  other,  between  100  and  400.  Between  25  and  100  fathoms  is  an 
intermediate  zone;  4  of  the  5  genera  between  25  and  40  fathoms 
represent  a  downward  extension  of  the  shallow  water,  or  reef  fauna; 
4  of  the  5  genera  between  40  and  100  fathoms  represent  the  upper 
limit  of  the  deeper  water  fauna.  The  two  Fungiae,  Cycloseris  and 
Diaseris,  are  confined  within  the  40  and  100  fathom  planes.  Twenty 
of  the  34  genera  occur  between  100  and  400  fathoms  in  depth.  Only 
two  of  these  were  found  between  0  and  25  fathoms. 
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The  following  generalizations  on  the  bathymetric  distribution 
of  the  stony  corals  can  be  made  for  the  Hawaiian  Islands : 

1.  An  abundance  of  individuab  belonging  to  the  Pocilloporidce, 
Orbicellidce,  Faviidae,  massive  Fungids,  Montiporinee,  and  Poritidee 
indicate  a  depth  of  less  than  25  fathoms.  Occasional  individuals 
may  grow  at  a  depth  of  40  fathoms.  With  increasing  depth  individ- 
uals of  the  same  species  become  smaller  and  more  fragile. 

2.  An  abundance  of  Turbinolid  and  Eupsammid  species,  and 
slender,  ramose  Oculinids  and  Stylophorids  (as,  for  instance,  Ma- 
dracis)  indicate  a  depth  of  100  to  400  fathoms.  The  best  conditions 
for  the  growth  of  these  corals  are  realized  between  100  and  200 
fathoms. 

3.  Two  faunal  zones  can  be  distinguished,  with  an  intermediate 
zone  from  25  to  100  fathoms.  Within  this  zone  there  b  some  com- 
mingling of  faunas. 

4.  Beyond  the  400-fathom  limit  the  fauna  b  poor,  and  the  species 
outside  it  are  extremely  fragile. 

As  has  been  said,  the  data  at  hand  warrant  these  conclusions  for 
the  Hawaiian  Islands.  More  extensive  studies  of  thb  kind  are  needed 
for  thoroughly  understanding  the  relations  between  corab  and  depth 
of  water. 

Thermal  Distribution 

In  considering  the  thermal  dbtribution  of  the  corab  it  was  first 
necessary  to  ascertain  the  temperature  of  the  surface  of  the  water. 
The  records  of  the  "Albatross"  in  1902  were  used  to  furnish  the 
data.  These  records  when  compiled  showed  a  total  range  in  the  sur- 
face temperature  of  the  water  from  73°  to  80°.  As  the  observations 
were  made  between  March  27  and  August  29,  they  give  the  summer 
temperatures.  Unfortunately  data  regarding  the  winter  tempera- 
tures were  not  at  hand. 

Reef  corab,  growing  practically  at  the  surface  of  the  water,  were 
obtained  on  the  south  coast  of  Molokai,  the  south  coast  of  Oahu, 
the  north  coast  of  Oahu,  and  around  Laysan.  The  surface  tempera- 
ture of  the  south  coast  of  Molokai  ranges  from  73°  to  76°;  that  of 
the  south  coast  of  Oahu  from  76°  to  78°;  that  of  the  north  coast  of 
Oahu  from  74°  to  75°;  that  of  Laysan  from  73°  to  78°.  There  b 
in  the  sununer  time  on  the  coral-reef  areas  of  the  Hawaiian  Islands 
a  range  only  of  5°  in  the  surface  temperature  of  the  water. 

These  data  offer  nothing  new  regarding  the  temperature  con- 
ditions favorable  for  the  growth  of  reef  corab,  Dana,  in  his  Corab 
and  Coral  Islands,  third  edition,  having  given  a  satbfactory  dis- 
cussion of  the  subject.  The  data  here  presented  regarding  the  Ha- 
waiian Islands,  however,  furnish  a  starting  point  for  the  present  study. 
According  to  Dana,  reef  corab  can  endure  a  range  in  temperature 
from  68°  F.  to  85°  F.,  but  the  annual  mean  must  not  be  below  70°; 
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the  summer  temperatures  would  be  higher.  The  lowest  summer 
surface  temperature  recorded  by  the  "Albatross"  was  73*^.  The 
following  schedule  will  be  adopted :  Species  found  between  78*^  and 
73°;  73°  and  60°;  60°  and  50°;  50°  and  40°;  40°  and  30°. 

A  study  of  the  thermal  distribution  of  the  forms  recognized  gave 
the  following  results : 

Temperature  78^-73^  F. — Seventy-seven  of  121  of  the  forms 
recognized  live  within  these  temperature  limits  and  at  a  depth  of 
less  than  40  fathoms. 

Temperature  7S^-6(P  F.  —  Nineteen  forms  live  between  these 
limits.  These  forms  should  be  divided  into  two  temperature  zones : 
Firsty  between  73°  and  70°,  in  which  4  species  occur,  namely :  Fungia, 
patella  (Ellis  and  Solander),  Fungia  fragilis  (Alcock),  Leptoseris 
havHiiiensis  Vaughan,  and  Leptoseris  scabra  Vaughan.  The  first 
two  were  found  only  within  these  temperature  limits  and  only  at 
depths  between  40  and  75  fathoms.  Leptoseris  hawaiiensis  ranges 
in  depth  from  about  25  to  over  250  fathoms,  in  temperature  from 
46.8°  to  73.7°;  i.  scabra  in  depth  from  about  25  to  nearly  80  fathoms, 
in  temperature  from  61°  to  74°.  Second,  between  60°  and  70°,  none 
of  the  remaining  forms,  possibly  excepting  BaLanophyllia  desmo- 
phyllioides  Vaughan,  which  may  have  been  found  at  a  temperature 
as  high  as  77°  F.,  was  collected  at  a  temperature  higher  than  69°  F. 

Temperature  6(P-6(P  F.  —  Only  7  forms  were  obtained  within 
this  range. 

Temperature  KP-JfiP  F.  —  Within  these  limits  21  forms  were 
obtained,  a  comparatively  rich  fauna. 

Temperature  JifPSCP  F.  —  Only  3  species  were  procured  at  a 
temperature  below  40°  F. 

The  greatest  abundance  of  forms  is  between  temperatures  73° 
and  78°,  depth  0-40  fathoms;  a  second  abundant  fauna  is  between 
temperatures  70°,  or  somewhat  less,  and  40°,  or  somewhat  more, 
depth  100-400  fathoms.  There  is  an  apparent  discordance  between 
the  depth  and  temperature,  for  the  greatest  number  of  forms  at  a 
depth  greater  than  40  fathoms  occurs  between  100  and  200,  while 
the  greatest  number  of  forms  at  a  temperature  below  70°  F.  is  be- 
tween 40°  and  50°,  but  between  these  temperatures  all  the  species 
between  200  and  400  fathoms  are  included.  However,  the  number  be- 
tween 40°  and  50°  is  nearly  the  same  as  between  60°  and  73°.  It 
seems  from  these  facts  that  between  40°  and  70°  the  same  species 
may  have  a  considerable  temperature  range. 

A  study  of  the  thermal  distribution  of  the  genera  gave  the  follow- 
ing results : 

All  the  stricdy  reef-building  genera  live  at  a  temperature  of 
73°-78°F. 

The  list  under  73°-60°  F.  contains  the  names  of  9  genera  that 
vere  not  found  at  a  temperature  so  high  as  70°  F.    Seven  of  these  9 
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were  also  found  at  a  temperature  between  40°  and  50°.  The  5  genera 
found  between  60°  and  50°  were  also  found  between  50°  and  4(3°. 

The  genera  occurring  between  70°  and  40°  is  precbely  the  same 
as  those  occurring  between  the  100  and  400  fathoms  planes;  70°- 
50°  corresponds  to  depth  100-200  fathoms,  50°-40°  corresponds 
200-400  fathoms.  They  are  Turbinolids,  Eupsammids,  some  slender 
branching  Oculinids  and  Stylophorids,  and  also  some  fragile  Fungids. 

It  should  be  emphasized  that  these  conclusions  apply  to  the 
Hawaiian  Islands,  and  that  more  extensive  studies  are  necessary 
before  the  fundamental  principles  of  control  of  distribution  by  depth 
and  temperature  can  be  considered  firmly  established. 

The  distribution  of  the  forms  according  to  the  character  of  the 
bottom  was  also  studied,  but  the  same  species  was  found  to  occur  on 
so  great  a  variety  of  bottom  that  its  importance  as  a  factor  in  deter- 
mining the  distribution  is  doubtful,  except  that  the  water  probably 
must  be  clear  and  the  corals  must  have  objects  to  which  they  can 
attach  themselves. 


ZoO-GEOGRAPmC  AFFINITIES  OF  THE  HAWAIIAN   MaDREPORARIA 

Numerous  species  and  varieties  of  the  corals  found  in  the  Hawaiian 
Islands  are  found  elsewhere  or  have  close  relatives  in  other  areas. 
This  remark  is  true  of  the  reef  fauna  (1-25  fathoms),  the  deep-water 
fauna  (100-400  fathoms),  and  the  one  occupying  the  intermediate 
depth.  Sufficient  careful  descriptive  work -has  not  as  yet  been  done 
on  the  different  areas  of  the  Pacific  to  warrant  detailed  comparisons 
with  other  areas;  besides,  the  definition  of  specific  limits  is  still 
unsatisfactory. 

Comparison  with  the  Panamic  Fauna.  —  Only  two  species 
from  the  Hawaiian  Islands  are  actually  identified  with  species  from 
the  west  coast  of  America,  namely :  DesmophyUum  cristagaUi  Milne- 
Edwards  and  Haime,  which  is  a  deep-water  form  of  universal  occur- 
rence, and  Stephanaria  stellata  Verrill,  which  Quelch  reports  from 
the  Fiji  Islands.  The  specific  resemblance  between  the  faunas  of 
the  two  areas  is  not  close.  They,  however,  have  the  following  reef 
genera  in  common: 

Pocillopora         Stephanaria  Montipora 

Fungia  Dendrophyllia       Porites. 

Pavona 

Several  shallow-water  species  of  Paracyathus  have  been  described 
by  Verrill  from  the  Pacific  coast.  Caryophyllia  and  Ehdopachys 
are  found  in  deeper  water. 

Some  of  the  Hawaiian  and  the  Panamic  Pocilloporse  are  rather 
close,  the  latter  suggesting  the  liguUUa  group. 
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Fungia  patella  and  F.  elegaris  belong  to  the  same  section  of 
Fungia. 

The  Pavonae  are  close. 

One  species  of  Stephanaria  is  coasidered  common  to  the  two 
areas. 

The  Dendrophyllice  are  very  close. 

The  MontiporsB  are  different 

The  Pontes  are  different 

The  Panamic  fauna  is  very  close  to,  or  the  same  as,  that  of  the 
Galapagos  Island,  and  is  as  closely  related  to  the  South  Pacific  fauna 
as  to  the  Hawaiian.  There  is  nothing  to  suggest  migration  between 
the  Hawaiian  and  Panftmic  regions. 

Comparison  with  the  South  Pacific  and  Indian  Ocean  Faunas. 
—  The  results  of  this  comparison  is  immediately  to  show  affinity.  A 
number  of  the  species  are  common  throughout  the  area,  and  others 
have  close  relatives  occupying  the  different  areas.  One  of  the  most 
striking  things  about  the  Hawaiian  fauna  is  the  entire  absence  of 
distinctive  genera.  Excepting  Anthemiphyllia,  and  very  doubtfully 
Madracis,  there  is  not  a  genus  that  differentiates  it  from  the  faunas 
of  the  South  Pacific-Indian  Ocean  region.  In  fact,  as  has  been  said, 
there  has  been  only  partial  specific  differentiation  between  the  two 
areas.  The  Hawaiian  fauna,  therefore,  should  be  classed  with  the 
Southern  Pacific-Indian  Ocean  fauna,  and  it  probably  was  derived 
from  the  latter  at  a  comparatively  recent  date. 

The  Hawaiian  reef  fauna  exhibits  a  peculiarity  worthy  of  further 
notice,  in  the  absence  of  some  of  the  common  reef-building  genera 
of  other  areas.  There  are  no  species  of  the  Oculinidse,  Eusmiliidse, 
or  the  Astrangiidfle ;  there  are  very  few  Orbicellidse,  none  of  the  large, 
massive,  meandrinoid  Faviidse,  nor  of  the  Mussida?.  The  genus 
Acropora  is,  possibly,  but  not  probably,  excepting  A.  echmata, 
entirely  absent.  Dana  noted  the  absence  or  scarcity  of  these  corab 
about  the  islands,  and  accounts  for  it  by  their  lying  outside  the  torrid 
zone  of  oceanic  temperature,  in  the  subtorrid  zone,  where  corals 
are  consequendy  less  luxuriant  and  much  fewer  in  species.  Dana's 
explanation  may  be  correct;  but  it  does  not  seem  to  be  supported 
by  sufficient  evidence  to  warrant  its  acceptance.  I  should  like  to 
suggest  an  alternative  explanation.  As  is  well  known,  the  species 
inhabiting  the  waters  of  die  Bermuda  Islands  are  all  identical  with 
Antillean  and  Floridian  species.  No  species  of  Acropora,  however, 
is  found  in  the  Bermudas.  The  Bermudan  is  an  emigrant  fauna, 
and  I  have  suggested  that  the  same  is  true  of  the  Hawaiian.  Is  it 
not  possible  that  the  larvce  of  some  species  and  some  genera  cannot 
be  transported  alive  for  great  distances  by  currents,  while  other 
can  be? 
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VERGLEICHUNG  DER  NORDAMERIKANISCHEN   UND 
EUROPAISCHEN  TURBELLARIENFAUNA 

LUDWIG  VON  GRAFF 

DuRCH  die  Munificenz  der  Kais.  Akademie  der  Wissenschaften 
war  ich  in  der  Lage,  die  Zeit  von  13.  Mai  bis  17.  August  d.  J.  dem 
Studium  der  Turbellarienfauna  der  U.  S.  A.  zu  widmen.  Ich  habe 
mich  zu  diesem  Zwecke  bis  Ende  Juni  in  Rochester,  N.  Y.,  dann 
in  Cold  Spring  Harbor,  L.  I.,  und  in  Wood's  HoU,  Mass.,  aufge- 
halten  und  danke  schon  jetzt  vor  Allem  der  Heiren  Ch.  W.  Dodge, 
Ch.  B.  Davenport,  und  F.  R.  Lillie  als  den  Leitem  der  wissenschaft- 
lichen  Institute,  deren  Gastfreundschaft  ich  genossen  habe,  fiir  die 
mir  gewahrte  freundliche  Aufnahme  und  Unterstiitzung. 

Wir  wissen  nur  sehr  wenig  von  der  Turbellarienfauna  des  siissen 
Wassers  aus  dem  grossen  Gebiete  der  Vereinigten  Staaten  von  Nord- 
amerika  und  noch  weniger  von  den  marinen  Formen,  obgleich  die 
ungeheure  Kustenentwickelung  a  priori  das  Vorhandensein  eines 
grossen  Reichthums  an  solchen  erwarten  lasst. 

Ausser  kleineren  Notizen  *  existieren  bloss  zwei  Specialarbeiten, 
namlich  jene  von  W.  A.  Silliman  iiber  die  Siisswasserformen  der 
Monroe  County,  und  die  Uebersicht  iiber  alle  bis  1893  bekannt 
gewordenen  Turbellarien  Nordamerika's  von  C.  Girard.  Von  den 
bisher  bekannten  43  Acoela  sind  aus  den  U.  S.  A.  bloss  2  sichere  und 
2  unsichere  Arten,  von  den  bis  1.  August  1906 '  bekannt  gewordenen 
323  Rhabdocoela  31  (davon  12  unsichere),  und  von  den  77  Alloeo- 
coela  bloss  4  unsichere  Arten  bekannt. 

Indem  ich  auch  hier  dem  Princip  folge,  nur  solche  neue  Arten  zu 
erwahnen,  fiir  welche  es  mir  gelang,  das  Genus  unzweifelhaft  fest- 
zustellen,  gebe  ich  hiermit  ein  Verzeichniss  aller  bis  heute  bekannt 
gewordenen  Acoelen  und  Rhabdocoeliden  der  U.  S.  A.  Die  fur 
Amerika  neuen  mit  einem  Stern  (*)  versehen. 

*  Ich  unterlasse  hier  genauere  Litteratur-Citate  und  verweise  in  dieser 
Beziehung  auf  mein  Litteratur-Verzeichnis  in  Bronn's  Klassen  und  Ordnungtn 
des  Tier-Reichs,  Bd.  IV^  1.  Abt.  p.  1736-1901  und  1985-2009.  Daselbst  ist 
p.  1994  und  2010  auch  erne  kurze  Uebersicht  meines  Systems  gegeben. 

*  Datum  des  Abschlusses  meines  Manuscriptes  der  Tierreich-Rhabdo' 
coelida. 
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ACOELA. 
Fam.  Proporidae. 

Childia  nov.  gen.    Proporidae  ohne  Bursa  seminalis.    Mund  auf 
der  Ventralflache,  ohne  Pharynx.    Es  sind  2  manliche  Copu- 
lationsorgane  vorhanden,  deren  jedes  ein  chitinoses  Stilett 
tragt. 
*CA.  spinosa  n.  sp.    Wood's  Holl. 

Fam.   CONVOLUTIDAE. 

Aphanostoma  diversicolor  Orst.     Bisher  durch  Verrill  aus  der 
Narragansett-Bay  bekannt,  von  mir  bei  Wood's  Holl  gef  unden. 
Species  dubiae:    A,  olivaceum  Verrill.     Bei  Cap  Cod,  Mass., 
durch  Verrill  gefunden. 
A.   avrantiacum   Verrill.      Narragansett-Bay, 
durch  Verrill. 
^Amphiscolops  gardineri  n.  sp.    Wood's  Holl. 
Polychoerus  catidattis  Mark.    Von  Great  Egg  Harbor,  N.  J.,  bis 
Casco-Bay,  Me.,  durch  Mark,  Verrill,  Gardiner,  von  mir  bei 
Wood's  Holl  und  Center  Island  (Oyster-Bay)  gelFunden. 


RHABDOCOELA. 

Fam.  Catenulidae. 

Caienvla  grcunlis  (Leidy).     Philadelphia,  durch  Leidy. 

Stenostomum  leitcops  (Ant.    Dug.).    Monroe   County,   N.   Y., 

Chicago,  Ann  Axbor,  Mich.,  Havana,  111.     Durch  Silliman, 

C.   Girard,  Ott,  Child,  und  Pearl,  von  mir  bei  Rochester 

gefunden. 

S.  grande  (Child).     Bei  Chicago  durch  Child,  bei  Rochester  von 

mir  gefunden. 
S.  agile  (Sillim.).    Monroe  County  durch  Silliman,  von  mir  bei 
Rochester  gefunden. 
*S.  tenuicavda  n.  sp.    Bei  Rochester  und  Cold  Spring  Harbor. 
Rhyiichoscolex  simplex  Leidy.    Philadelphia,  durch  Leidy. 
Microstomum  lineare  (MUll.).    Monroe  County,  durch  Silliman, 

von  mir  bei  Rochester. 
M.  cavdaium  Leidy.   Pennsylvania,  Michigan,  New  Jersey,  durch 

Leidy,  Girard,  und  Woodworth. 
Species  dubiae :  M.  Philadelpkicum  Leidy.    Philadelphia,  durch 
Leidy. 
M.  variabile  Leidy.    Philadelphia,  durch  Leidy. 
*Jf .  davenporti  n.  sp.     Kiiste  von  Connecticut  gegeniiber  Cold 

Spring  Harbor,  sowie  Wood's  Holl. 
Alaurina  prolifera  W.  Busch.     Bei  Newport,  N.  Engl.,  durch 
Fewkes. 
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Fam.  Macrostomidae. 

MacTosiomum  appendictdatum  (O.   Fabr.).     Monroe  County, 

durch  Silliman,  von  mir  bei  Rochester. 
M.  sensitivum  (Sillim.).    Monroe  County,  durch  Silliman,  von 

mir  bei  Falmouth,  Mass.,  gefunden. 

Fam.   PRORHYNCfflDAE. 

Prorhynchus  stagnalis  M.  Schultze.  Monroe  County  und  Penn- 
sylvania, durch  Silliman  und  Moore,  von  mir  bei  Falmouth, 
Mass.,  gefunden. 

Fam.  Typhloplanidae. 

^Proxenetea  nwdestus  n.  sp.     Wood's  Holl. 
Promesostoma  marmoratum  (M.  Schultze).    Zwischen  Cap  Cod 
und  Gulf  of  St.  Lawrence,  durch  Verrill,  bei  Wood's  Holl 
von  mir  gefunden. 
OlisthaneUa  coeca  (Sillim.).    Monroe  County,  durch  Silliman. 
Sirongylostoma  gonocephalum  (Sillim.).    Monroe  County,  durch 
SilUman,  von  mir  bei  Rochester  gefunden. 
^RhiptchomesostoTna  rostratum  (Mull.).     Bei  Rochester. 
^Castrada  hofmanni  M.  Braun.     Bei  Rochester. 
Typhlojdana  viridata  (AhUdg.)  [=  MesostoinaviviparumSiilim], 
Monroe  County  und  Lake  St.  Clair,  Mich.,  durch  Silliman  und 
Woodworth,  von  mir  bei  Rochester. 
Mesostoma  ehrenbergii  (Focke).     Kansas  und   Illinois,  durch 

Woodworth. 
Species  dubiae :  M%  paUersonii  Sillim.    Monroe  County,  durch 
Silliman. 

Fam.   ASTROTORHYNCHTOAE. 

AstrotorhynchtLS  bifidus  (M'Int.).  Zwischen  Cap  Cod  und  Gulf 
of  St.  Lawrence,  durch  Verrill. 

Fam.  Dalyellidae. 

Dalyellia.  Diese  Gattung  ist  im  sUssen  Wasser  bei  Rochester  in 
ausserordendich  reicher  Weise  vertreten.  Ich  ordne  die  Arten 
nach  der  Beschaflfenheit  des  chitinosen  Copulationsorgans,  be- 
ginnend  mit  der  einzigen  bis  jetzt  beobachteten  Art  (D. 
inermis)y  bei  welcher  der  Penis  liberhaupt  keine  Chitintheile 
besitzt.  Spermatophorenbildung  in  der  Bursa  copulatrix 
wurde  bei  zweien  (Z>.  rossi  und  D.  dodgei),  bei  der  letztge- 
nanten  auch  ein  besonderer  Greifapparat  hinter  dem  ab 
"  Greifwubt "  bezeichneten  Teile  des  Pharynx  beobachtet 
D.  rheesi  besitzt  den  (Bronn-Rhabdocoelida,  p.  2148)  hypo- 
thetisch  vorausgesetzten  Typus  der  Excretionsorgane  von 
D.  schmidtii,  aber  mit  quer  nach  innen  abgehendem 
Endstamm. 

(a)  Chitintheile  fehlen  dem  Penis. 
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*Z).  inermis  n.  sp.     Rochester. 

(6)  Ein  einziger  rinnenartiger  Chidnstachel  vorhanden. 
*Z>.  rochesteriana  n.  sp.     Rochester. 

(c)  Penis  mit  einem  Kranz  selbststandiger  Stacheln. 
*D.  eoMmani  n.  sp.    Rochester. 

(d)  Der  Stachelkranz  am  distalen  Rande  einer  Chitinrohre 
befestigt. 

D.  blodgetti  (SiUim.).     Monroe   County,   durch   Silliman,  von 
mir  bei  Rochester  gefunden. 
*Z>.  dodgei  n.  sp.     Rochester. 

(e)  Mit   2   Chitinstielen,   deren   jeder   einen   bestachelten 
Endast  tragt. 

*Z>.  sillimani  n.  sp.    (=  Vortex  armiger  Sillim.  und  Woodw.). 
Monroe   County,  durch   Silliman  und   Woodworth,  von  mir 
bei  Rochester  gefunden. 
*Z>.  viridis  (G.  Shaw).    Von  mir  bei  Rochester  gefunden. 
*Z>.  rheesi  n.  sp.     Rochester. 
*Z>.  rossi  n.  sp.     Rochester  und  Falmouth,  Mass. 

(/)  Jeder  Chitinstiel  tragt  2  Endaste:    einen  bestachelten 
und  einen  unbestachelten. 
*Z).  fairchildi  n.  sp.     Rochester. 
Jensenia  pinguis   (Sillim.).    Monroe  County,  durch  Silliman, 
von  mir  hd  Rochester. 
^Phaenocora  agasaizi  n.  sp.    Von  mir  bei  Rochester  gefunden. 
Species  dubiae:  Derostoma  elongatum  Schmarda.     Brakwasser 
bei  New  Orleans. 
Prostoma  marginatum  Leidy.     Philadelphia. 
Vortex  bilineata  Woodw.      Charlevoix,   Mich., 
durch  Woodworth. 

Fam.  Trigonostomidae. 

*Trigonostomum  intermedium  n.  sp.     Wood's  Holl. 
Woodshollia  nov.  gen.    Trigonostomidae  bei  welchen  die  Pharvn- 

gealtasche  in  die  RUsseltasche  miindet. 
*W.  liUiei  n.  sp.     Wood's  HoU. 

Fam.    POLYCYSTIDIDAE. 

*Polycystis  rooseveUi  n.  sp.     Rochester.     Der  europaischen  P. 

goettei  Bresslau  nahestehend. 
*Phonorhynchu^   helgolandicus   (Mecz.).     Von   mir   bei    Center 

Island  (Oyster-Bay)  und  Wood's  Holl  gefunden. 

Fam.  Gyratricidae. 

^Gyratrix  hermaphroditu^s  Ehbg.  (=  Gyrator  albua  Sillim.).    Von 
Silliman  in  Monroe  County,  von  mir  bei  Rochester  gefunden. 
Gyrairix  hermaphroditvs  Ehbg.  n.  var.  m^icviata.    Tidepool  bei 
Wood's  Holl. 
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Fam.  Gyratrictoae  —  Continued. 

Species  dubia :    Kalyptorhynchiorum :   Rhynchoprcbdus   papU- 

hsus  Schmarda,  Brakwasser  von  Hoboken. 
Species  dubiae:  Rhabdocoelorum :    Vortext    cavicclens   Pack. 
Carter-Hohle  in  West-Kentucky  durch  A.  S. 
Packard,  Jr.  gefunden. 
Plagiostomum  fianum  Sillim.    Monroe  County, 
durch  Silliman. 

ALLOEOCOELA. 

Fam.  PLAGiosToanDAE. 

*Plagiostoma  wilsoni  n.  sp.    WoodJs  HoU. 
*P.  morgani  n.  sp.    Wood's  Holl. 
*P.  stellatum  n.  sp.    Wood's  Holl. 
*P.  whiimani  n.  sp.     Wood's  Holl. 

Fam.  Pseiidostomidae. 

*Monoophorum  iriste  n.  sp.     Wood's  Holl. 

Fam.   MoNOCELIDIDAg. 

^Monocelis  fusca  Orst.    Von  mir  hei  Wood's  Holl  gelunden. 
*M.  wiLhdmii  n.  sp.  Von  mir  bei  Wood's  Holl  gefunden. 
Species  dubiae  Crossocoelorum :  Monocelis  spatidieauda  Girard. 
Bei  Boston  und  Cap  Elizabeth  von  Girard 
und  Verrill  verzeichnet. 
M.  agilis  Leidy.    Von  Rhode  Island,  N.  Y.,  und 
New  Haven,  Conn.,  durch  Leidy  angegeben. 
Species  dubiae  Rhabdocoelidorum :    Acmosiomum  crenvlaium 

Schmarda.     Brakwasser  von  Hoboken. 
Hydrolimax  grisea  Hald.     In  Pennsylvania,  durch  Haldeman, 
Girard,  und  Leidy  verzeichnet. 


Ich  habe  demnach  im  Ganzen  44  Species  soweit  untersuchen 
konnen,  um  ihre  Genus-  und  Species-Charaktere  sicher  zu  stellen. 
Zu  den  bisher  in  dieser  Weise  bekannten  21  nordamerikanischen 
Formen  kommen  30  hinzu.  Von  letzteren  sind  24  fiir  die  Wissen- 
schaft  neu.  Als  Europa  und  den  U.  S.  A.  gemeinsame  Formen  sind 
damit  17  festgestellt. 
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QUANTITY  AND  ADAPTATION   OF  THE   DEEP-SEA 
ASCIDIAN   FAUNA 

WILLIAM  E.  BITTER 

In  this  communication  I  discuss  briefly  the  quantity  and  adaptch 
tions  of  the  deep-sea  ascidian  fauna.  The  data  are  too  meager  for 
anything  more  than  partial  conclusions.  But  tentative  though 
the  conclusions  must  be  they  are  worth  drawing,  because  they  add 
weightily  to  the  demand  for  more  thorough  exploration  of  the  bottom 
of  tihe  sea. 

I  have  taken  500  fathoms  as  the  minimum  depth  of  the  "deep 
sea."  This  is  quite  as  arbitrary  a  limit  as  any  other  that  has  been 
fixed  by  different  authors.  My  reason  for  taking  it  is  rather  vague, 
it  being  that  generally  this  depth  is  safely  beyond  most  of  shore  and 
sub-eenal  influences,  and  hence  well  within  the  region  of  relative 
uniformity. 

The  asddians  must  be  reckoned  among  the  animal  groups  that 
reach  to  genuinely  abyssal  depths.  Some  have  been  taken  in  more 
than  3000  fathoms,  and  forty  or  more  species  have  been  described 
from  below  500  fathoms. 

What  does  the  knowledge  we  have  hint  as  to  the  actual  numerical 
value  of  this  deep-water  fauna  ? 

The  kernel  of  Herdman's  summary  of  the  depth  range  of  the 
"Challenger"  collections  follows: 

For  simple  ascidians  are  these  figures : 

In  32  dredgings  at  from  0-50  fathoms  simple  ascidians  occurred  10  times,  or  at 
31%  of  the  Stations. 

In    51  dredgings  at      50-  500  fath.  sim.  ascid.  occ.   10  times,  or  20%  of  Stations. 
u    23         "  "    500-1000     "         "       "        "       2       "         10% 

"    94        "  "  1000-2000    "        "       "       "       3       "  3% 

"  161         "  "  2000-3000     "        "      "        "       5       "  3% 

"This  brings  out  clearly,"  the  author  remarks,  "that  although 
simple  ascidians  extend  into  very  deep  water  and  are  well  repre- 
sented in  the  abyssal  zone,  still  they  are  chiefly  a  shallow-water 
group."    (Herdman,  Report,  6,  p.  273.) 

For  compound  ascidians  we  have  these  figures : 

In  32  dredgings  at       0-50  fath.  comp.  ascid.  occ.  16  times,  or  60%  of  Stations. 
"  51  "        "50-500     "         "  "        "    14      "         27% 

"  23  "        "     500-1000     "         "  "        "      1       "  4% 

a  04  it        a  1000-2000     "         "  "        "      1       "  1%  " 
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"Qearly,"  Herdman  says,  "compound  asddians  are  mainly 
a  shallow-water  group  that  abound  around  coasts  in  a  few  fathoms 
of  water,  and  that  rapidly  decrease  in  numbers  as  greater  and  greater 
depths  are  reached." 

Some  months  of  dredging  on  the  California  coast  by  the  United 
States  Fisheries  Bureau  steamer  "Albatross"  in  the  spring  of  1904 

Produced  results  at  variance  in  this  regard  with  those  of  the  "Chal- 
?nger's"  work. 
They  are  as  follows : 

At   206  Stations        0-  500  fath.  8  species  oco.,  or  at   3.9%  of  the  Stations. 

"      41       "  500-1000     "      0      "        "  "       0% 

*'        9      "  1000-2000    "      3      "        "  "     33%       "  " 

It        Y       It 

"        7      "  2000  and  more    3      "        "  "    47% 

These  results  are  practically  a  reversal  of  those  of  the  "Chal- 
lenger." They  indicate  that  ascidians  (I  have  made  no  distinction 
between  simple  and  compound  in  this  enumeration)  are  much 
more  abundant  in  this  particular  region  in  deep  than  in  shallow 
water.  Even  though  this  conclusion  be  taken  as  valid  for  this 
small  area,  it  cannot,  of  course,  be  raised  against  the  "Challenger" 
evidence  to  a  generalization  for  the  sea  as  a  whole.  Especially  is 
this  seen  when  the  fact  is  considered  that  the  report  on  the  "Val- 
divia"  ascidians  (by  Michaelsen),  and  on  those  on  the  "Siboga" 
and  the  French  Antarctic  Expedition  (both  by  Sluiter),  contain  even 
a  relatively  smaller  number  of  truly  deep-water  species  than  did  the 
"Challenger"  collection.  In  fact,  the  French  expedition  obtained 
no  ascidians  from  a  depth  below  40  meters. 

Are  we,  then,  to  conclude  that  the  "Albatross"  results  are  without 

f>articular  significance  because  so  exceptional?  I  believe  not.  The 
ragmentariness  of  even  our  fullest  data  on  deep-sea  life  is  ample 
warning  that  all  conclusions  so  far  reached  should  be  accepted  with 
caution. 

On  examining  more  closely  the  distribution  of  the  deep-sea  ascidi- 
ans, a  fact  in  addition  to  those  indicated  comes  to  light  Aat  is  likely, 
it  seems  to  me,  to  grow  in  significance  with  further  research.  I  refer 
to  the  extent  to  which  the  species  come  in  bunches  from  certain  locali- 
ties.  Out  of  278  dredgings  by  the  "Challenger"  in  depth  from  500 
fathoms  and  downward,  simple  ascidians  were  taken  ten  times  only. 
In  one  of  these  ten  haub  seven  species  representing  four  genera  were 
taken.  In  each  of  two  other  haub,  three  species  representing  a  total 
of  five  genera  were  taken,  while  in  each  of  two  other  haub  two  species 
representing  a  total  of  three  genera  were  taken.  Compound  ascidi- 
ans were  taken  at  only  two  "Challenger"  stations  in  depths  of  over 
500  fathoms.  At  onfe  of  these,  seven  species  representing  six  genera 
and  four  families  were  secured.  At  the  other,  one  species  only  was 
taken. 
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Of  stolidobranch  ascidians  from  the  "Valdivia"  expedition  (the 
only  ones  yet  reported  on),  five  species  were  taken  in  depths  of  more 
than  500  fathoms;  and  four  of  these,  representing  three  genera, 
were  taken  at  one  station. 

The  social  and  the  holosomatous  ascidians  of  the  "Siboga"  ex- 
pedition have  been  reported  on.  Of  these,  four  species  were  taken 
in  depths  of  more  than  500  fathoms.  These  cahie  from  as  many 
different  stations  and  as  many  depths. 

Herdman  says  as  a  result  of  his  study  of  the  "Challenger"  collec- 
tions that  the  list  of  species  "seems  to  show  that  Tunicata  are  much 
more  abundant  at  some  localities  than  at  others."  As  we  have  seen, 
the  statistics  he  presents  amply  justifies  this  remark.  We  see  abo 
that  it  is  confirmed  by  the  work  of  the  "Valdivia"  and  of  the 
"Albatross"  off  the  southern  California  coast;  while  the  "Siboga" 
results  so  far  as  published  are  silent  with  reference  to  this  matter. 

This  brings  us  to  the  point  I  wish  to  make.  Let  the  evidence 
that  ascidians  are  far  more  abundant,  taking  the  sea  as  a  whole,  in 
shallower  waters  not  far  from  the  coast  than  in  the  abysses,  be  ac- 
cepted as  conclusive.  It  must  also  be  recognized  from  the  evidence 
that  in  certain  localities  at  great  depths  these  animab  are  very  abun- 
dant, three,  four,  five,  six,  and  even  seven  species  at  a  single  trawl 
havl  in  several  widely  separated  parts  of  the  ocean.  Imagine  what 
the  ascidian  population  at  such  places  must  actually  be  I  Who  has 
seen  many  shore  localities  equally  rich  ? 

How  much  do  we  know  about  the  extent  of  any  one  of  the  popu- 
lous spots  that  have  so  far  been  touched  ?  Absolutely  nothing.  How 
much  do  we  know  about  the  number  of  such  spots  that  may  exist 
on  the  unexplored  expanses  of  the  sea  bottom?  What  fraction  of 
one  per  cent  of  the  whole  ocean  floor  at  depths  beyond  500  fathoms 
has  been  swept  by  the  dredge  or  trawl  ? 

When  we  come  upon  a  place  on  the  shore  where  ascidians  or 
any  other  animals  we  mav  be  after  are  abundant,  we  collect  and 
keep  on  collecting  there  as  long  as  anything  new  is  to  be  found.  Why 
do  we  not  stay  by  these  fertile  grounds  of  the  deep  sea  when  we 
chance  upon  tiiem  ?  Because,  of  course,  our  study  of  the  fauna  of 
this  realm  is  strictly  in  the  reconnaissance  stage.  We  have  not  yet 
been  able  to  settle  down  to  anything  like  thoroughgoing  study  of  the 
life  and  conditions  in  particular  localities.  There  are  obviously 
enormous  areas  of  deep-sea  bottom  still  untouched.  Those  of  us 
whose  nets  are  cast  in  the  Pacific  certainly  do  not  need  to  be  re- 
minded of  that.  The  reconnaissance  work  will  have  to  go  on  for 
decades  yet.  It  appears  to  me,  however,  that  the  strong  indications 
of  a  vastly  numerous  and  varied  fauna  in  the  abyssal  realms  fur- 
nished by  these  known  instances  of  spots  of  truly  wonderful  fer- 
tility ought  to  lead  to  a  certain  amount  of  intensive  study,  even  though 
the  opportunity  to  break  virgin  soil  b  still  so  inviting. 
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I  have  not  l(X)ked  carefully  at  the  evidence  for  similar  density  d 
population  of  other  groups  of  animals  in  certain  localities,  but  from 
the  imperfect  knowledge  possessed  I  suspect  the  same  principle 
holds,  for  several  groups  at  least. 

For  the  remaining  minutes  we  will  look  at  some  questions  arising 
from  the  characteristics  of  deep-sea  ascidians.  The  one  peculiarity 
that  stands  out  conspicuously  here  is  the  relative  simplicity  of  the 
respiratory  apparatus  of  many  of  the  forms.  There  have  been  de- 
scribed about  forty-five  species  from  depths  of  500  fathoms  and 
more.  Of  these  at  least  twenty-five,  distributed  among  eleven  genera 
and  five  families,  possess  this  feature  in  one  style  or  another.  The 
genera  and  families  referred  to  are:  Culeolus,  Fungulus,  Bathy- 
oncus,  and  Eupera,  representing  the  Cynthiidae;  Bathypera  of  the 
Molgulidae;  Chorynascidia,  Abyssascidia,  Hypobythius,  and  Ben- 
thascidia,  representing  the  Ascidiidae;  Pharyngodictyon,  of  the  Poly- 
clinidae ;  and  finally  Octacnemus,  of  the  family  Octacnemidae. 

A  few  general  statements  concerning  the  nature  of  the  branchial 
simplification  to  which  reference  is  made  must  suflBce  for  the  present 
In  nearly  all  the  species  it  consists  in  the  extreme  delicacy  of  all  the 
respiratory  elements  proper,  and  the  actual  absence  of  some  of  the 
usual  elements.  Thus  in  the  abyssal  species  of  the  Cynthiidae  and 
Molgulidae  the  typical  branchial  stigmata  are  held  to  be  entirely 
absent,  the  wide-meshed  network  here  constituting  the  branch!^ 
organ  being  regarded  as  the  internal  longitudinal  and  transverse 
vessek  of  the  usual  ascidian  respiratory  mechanism.  In  the  deep- 
water  Ascidiidae,  on  the  other  hand,  stigmata  are  present,  but  the 
structures  are  all  excessively  delicate,  while  some  elements  may  be 
absent.  In  Octacnemus,  again,  a  wholly  different  sort  of  regressive 
modification  occurs.  Here  the  respiratory  function  of  the  branchial 
sac  would  seem  to  be  entirely  lost  and  replaced  by  the  digestive 
oflBce.  Its  typical  ascidian  capaciousness  is  wanting,  it  is  found 
filled  with  food  material,  its  stigmata  are  few  and  small,  and  the 
endostyle,  peripharyngeal  band,  dorsal  lamina,  and  other  parts 
exist  only  as  shadows,  so  to  speak,  of  what  they  are  in  ordinary  ascid- 
ians. This  branchial  peculiarity  in  so  many  deep-water  ascidians 
seems  to  be  a  clear  case  of  homoplasy.  An  organ  complex,  more 
diverse  in  elaboration  than  the  branchial  sacs  of  a  molgulid,  a  cyn- 
thid,  and  an  ascidid,  and  presenting  the  same  general  modification 
in  all  the  species,  living  in  so  unique  but  uniform  an  environment 
as  the  deep  sea,  could  not  well  be  found,  I  imagine.  Exactly  to  what 
physical  or  chemical  influence  this  modification  corresponds  it  is 
difficult  to  see.  The  suggestion  has  been  made  that  paucity  of  oxygen 
is  the  factor.  How  this  can  be  does  not  readily  appear.  But  it  is 
not  my  purpose  to  deal  with  this  aspect  of  the  subject  now.  My 
wish  is  to  point  out  how  far  short  of  real  enlightenment  a  halt  is  made 
in  such  cases  when  the  mere  fact  of  modification  is  pointed  out,  with 
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perhaps  a  declared  or  implied  satisfaction  on  the  writer's  part  with 
the  notion  of  the  moulding  power  of  environment  or  of  natural  selec- 
tion as  an  explanation. 

In  the  firat  place,  the  obvious  fact  is  too  often  neglected  that 
environmental  influences  of  this  sort  are  really  diversity-obliterating, 
rather  than  differentiating,  so  far  as  the  organisms  in  the  particu- 
lar environments  are  considered  among  themselves. 

It  is  only  when  inquiry  is  made  as  to  the  inevitableness  of  the 
effect  of  the  conditions,  and  as  to  the  necessity  of  the  structural 
characters  found  for  the  existence  of  the  organisms  of  the  types 
concerned,  that  the  larger  scope  of  the  evolutionary  problems  in- 
volved comes  to  view.  In  other  words,  the  tenet  of  the  uniformity 
of  results  from  the  operation  of  the  same  causes,  is  the  light  in  which 
the  problem  must  be  looked  at  if  it  is  to  be  seen  in  its  fulness.  Are 
the  peculiarities  under  consideration  found  only  in  ascidians  in- 
habiting the  abyssal  depths  ?  Are  they  present  in  all  ascidians  coming 
from  these  realms  ?  The  facts  we  have  bearing  on  the  first  question 
can  be  given  in  a  few  sentences.  None  of  the  genera  presenting  the 
peculiarities  in  the  most  striking  way  are  represented  in  the  strictly 
littoral  fauna.  Several,  as  Hypobythius,  Benthascidia,  Bathyoncus, 
Bathypera,  Fungulus,  Eupera,  and  Octacnemus,  are,  so  far  as  known, 
from  great  depths  only.  Several  of  the  other  genera  formerly  sup- 
posed to  be  exclusively  and  about  the  most  characteristically  deep- 
sea,  have  been  proven,  especially  by  the  "Valdivia's"  dredgings,  to 
occur  in  relatively  shallow  waters.  The  most  notable  instance  of 
this  is  afforded  by  the  genus  Culeolus.  The  "  Challenger"  brought  to 
light  seven  species  of  this  group,  only  one  of  which  occurred  in  less 
than  1000  fathoms.  More  recently  at  least  two  others  have  been 
added  from  equally  profound  depths.  At  the  same  time,  however, 
the  "Valdivia"  makes  known  three  new  species  from  less  than  500 
fathoms,  and  one  from  112  fathoms.  This  expedition  furthermore 
brought  the  depth  range  of  two  other  genera  previously  supposed  to 
be  exclusively  abyssal,  namely,  Chorynascidia  and  Abyssascidia,  into 
depths  considerably  less  than  500  fathoms.  This  increase  of  the 
bathymetric  range  of  typically  abyssal  species  and  genera  from 
more  extensive  exploration  makes  it  probable  that  continued  in- 
vestigation will  carry  us  still  further  in  the  same  direction.  There  is 
litUe  ground  for  confidence  in  the  data  we  now  possess  that  any  known 
ascidian  genus  is  strictly  and  exclusively  abyssal. 

The  reply  to  our  second  question,  namely,  Do  all  abyssal  ascidians 
possess  the  branchial  peculiarities  seemingly  characteristic  of  species 
belonging  to  these  realms?  ought  to  be  treated  in  more  fulness 
than  time  will  permit.  Nine  Styela,  two  Molgula,  one  Ascidia,  one 
Ciona,  four  Polyclinus,  one  Botryllus,  one  Leptoclinus,  and  one 
Coelocormus,  twenty  species  in  all,  are  known  from  depths  of  500 
fathoms  and  more.    Several  of  these  go  to  1000  fathoms,  to  2000 
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fathoms,  and  even  to  greater  depths.  I  have  mentioned  the  generic 
relationships  of  these  to  bring  out,  in  the  first  place,  the  fact  that  they 
represent  familiar  littoral  genera,  and  in  the  second  place  that  they 
are  so  widely  scattered  in  their  affinities.  In  none  of  these  species, 
so  far  as  I  can  determine  from  the  literature,  is  there  any  evidence 
of  simplification  of  the  branchial  sac.  Certainly  this  is  true  of  four 
species  that  it  has  been  my  privilege  to  examine.  A  Styela,  for  ex- 
ample, from  2200  fathoms  off  the  California  coast  I  have  studied 
with  special  care  from  this  point  of  view,  and  am  unable  to  find  a 
single  feature  in  its  organization  that  could  be  regarded  as  a  special 
adaptation  to  its  remarkable  habitat.  Disposition  of  this  case  ac- 
cording to  views  that  have  been  orthodox  during  the  last  quarter- 
century  would  take  it  for  granted  that  this  Styela  has  not  been  a 
denizen  of  such  depths  long  enough  for  the  moulding  power  of  the 
environment  or  for  natural  selection  to  have  accomplished  their 
work.  Only  wait  a  sufficient  time,  we  have  been  wont  to  say,  and 
this  Styela,  if  prevented  from  inter-breeding  with  individuab  from 
shallower  waters,  would  undergo  the  same  deterioration  of  branchial 
sac  that  so  many  of  its  cohabitants  of  the  abysses  have  suffered. 

The  sooner  biologbts  recognize  this  sort  of  explanation  to  be  in 
the  nature  of  a  soporific  that  tends  to  inhibit  grappling  with  the  real 
issues  involved,  the  better.  What  evidence  is  there  for  the  assuAip- 
tion  that  this  Styela  has  lived  a  briefer  time  in  2000  fathoms  than  has 
the  Culeolus  (one  of  the  genera  with  a  modified  sac)  that  comes  up 
with  it  in  the  same  trawl  haul  ?  Not  one  atom  beyond  the  very  facts 
that  the  assumption  itself  is  made  to  explain  I  Furthermore,  the 
impossibility  of  getting  any  such  evidence  is  patent.  The  strength 
of  this  reasoning  consists  in  its  being  so  thoroughly  speculative  as 
to  be  wholly  beyond  the  reach  of  proof  or  disproof.  In  the  mean- 
time here  are  these  two  ascidians  (and  even  now  when  the  data  are 
so  meager  the  instance  can  be  duplicated  several  times  from  widely 
separated  parts  of  the  sea),  living  side  by  side  at  this  great  depth, 
one  flourishing  as  well  as  the  other,  so  far  as  can  be  seen,  the  one 
(Culeolus)  bearing  marks  that  seem  to  be  characteristic  of  its  peculiar 
environment,  the  other  (Styela)  having  no  such  marks. 

Another  aspect  of  the  problem  of  adaptation  in  abyssal  ascidians 
I  must  touch,  even  though  still  more  cursorily.  The  selective  value 
of  specific  characters  is  the  question  I  refer  to.  Culeolus  contains 
more  known  species  —  about  a  dozen  —  than  any  other  deep-sea 
genus.  It  is  impossible  to  review  in  detail  here  the  specific  char- 
acters of  these  species.  Among  the  most  important  for  separating 
them  are  the  presence  or  absence,  and  the  arrangement  when  present, 
of  certain  papilliform  structures  on  the  external  surface  of  the  test. 
I  do  not  believe  the  naturalist  lives  who  has  sufficient  ingenuity  to 
even  imagine  how  the  patterns  displayed  by  these  papillae  in  the 
different  species  could  be  of  saving  importance  to  the  animab. 
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The  difficulties  of  like  order  to  those  constantly  being  met  by  the 
student  of  species  are  here  largely  enhanced  by  the  great  uniformity 
of  the  environment  in  which  the  creatures  live.  I  do  not  believe  that 
in  all  nature  there  is  a  more  promising  realm  to  look  to  for  light  on 
at  least  some  of  the  leading  questions  of  adaptation  than  the  deep 
sea. 
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AMERICA 

(ABaTRAcr) 

HARRISON   G.  DYAR 

Adults  of  mosquitoes  feed  on  animal  blood,  but  their  distribu- 
tion is  not  controlled  by  that  of  mammab  as  they  have  other  means 
of  subsistence.  Adults  generally  do  not  fly  far  from  their  breedings 
place,  hence  their  distribution  is  dependent  upon  suitable  conditions 
for  breeding.  Mosquitoes  breed  in  stagnant  water.  The  distribu- 
tion of  such  water  gives  the  key  to  the  distribution  of  mosquitoes. 
Most  water  is  unfit  for  breeding,  and  even  stagnant  water  has  to  be 
suitable.  Each  species  has  its  special  condition  and  location  for 
breeding. 

Standing  water  is  divisible  into  two  kinds :  (1)  that  collected  in 
cavities  in  the  ground,  and  (2)  in  leaves  or  flowers  of  living  plants. 
The  first  kind  is  suitable  for  Culicinae,  the  second  for  Sabethinse. 
Water  in  dead  vegetable  tissues,  such  as  holes  in  trees,  b  intermediate, 
but,  on  the  whole,  more  suitable  for  Culicinse.  It  has  its  own  special 
species. 

The  Sabethines  are  of  tropical  distribution  as  only  there  are  there 
many  plants  holding  water.  One  species  occurs  in  temperate  North 
America,  viz.:  Wyeomyia  smithii  Coq.,  in  the  leaves  of  the  pitcher 
plant.  It  occurs  only  in  marshes  and  does  not  bite  man.  Joblotia 
and  Limatus  breed  in  cocoanut  shelb  and  will  be  found  in  n^ected 
tropical  orchards. 

We  notice  the  occurrence  of  predaceous  species  whose  larv»  feed 
on  those  of  other  mosquitoes,  and  have  the  same  distribution.  The 
Culicines,  whose  larvae  inhabit  ground  water,  have  a  number  of 
special  habits  according  to  the  species,  and  these  govern  their  dis- 
tribution. Anopheles,  the  malaria  carriers,  are  somewhat  of  an 
exception  as  they  can  breed  in  almost  any  water.  Their  distribution 
is  limited  by  arid  and  arctic  conditions. 

A  division  occurs  as  to  the  species  inhabiting  permanent  and 
temporary  water,  Culex  being  adapted  to  the  former,  Aedes  to  the 
latter.  As  to  Culex,  natural  breeding-places  not  containing  fish  or 
other  enemies  being  scarce,  the  species  take  readily  to  artificial 
breeding-places,  such  as  water-barreb,  and  these  constitute  our 
semi-domestic  species,  like  Cidex  pipiens,  so  troublesome  in  cities. 
The  water  in  hollow  trees  furnbhes  a  certain  set  of  species  and  these 
only  are  to  be  found  in  our  dry  forests  where  other  water  b  absent 
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Aedes,  which  inhabit  temporary  puddles,  have  eggs  adapted  to 
resbt  dessication;  Species  of  this  genus  inhabit  the  arctic  regions 
where  the  winter  is  passed  in  the  egg  state  and  the  larvae  develop  in 
the  water  of  melting  snow.  In  more  southern  latitudes,  other  Aedes 
breed  rapidly  in  temporary  rain  puddles.  Their  distribution  is  con- 
trolled by  the  occurrence  of  rain  in  sufficient  quantity,  even  if  of 
unfrequent  occurrence.  A  series  of  species  inhabit  the  salt  marshes 
along  our  coasts,  breeding  in  the  small  temporary  poob,  filled  only 
by  the  highest  tides* 

A  single  species  breeds  only  in  water-worn  holes  in  rocks  along 
streams  or  lakes  and  occurs  only  in  such  situations  though  the  species 
has  a  wide  range. 
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THE  ORIGIN  OF  THE  FISH-FAUNA  OF  THE  FRESH 
WATERS  OF  SOUTH  AMERICA » 

CARL  H.  EIGENMANN 

South  America  is  inhabited  by  two  distinct  fresh-water  faunas, 
different  in  composition  and  in  origin. 

The  region  from  Bahia  Blanca  to  Valparaiso  southward,  the 
Patagonian  fauna,  is  very  poor  in  species.  It  consists  of  (a)  Recent 
additions  from  the  sea;  (b)  Stragglers  from  the  north,  Cheirodon, 
Astyanax,  Bergia  and  Pygidium;  and  (c)  The  families  the  region 
has  in  common  with  Australia  and  New  Zealand,  the  Galaxiids, 
Aplochitonidae  and  Petromyzontidce. 

The  region  of  the  La  Plata  river  and  everything  north  of  it  is  in- 
habited by  a  fauna  exceedingly  rich  in  genera  and  species.  Aside 
from  marine  forms  entering  tilie  rivers  for  a  greater  or  less  distance, 
this  fauna  is  composed  in  part  of  the  descendants  of  early  immigrants 
from  the  sea.  The  Trygonids  and  swell  fish  (Calomesus),  Orestias, 
Gastropterus  and  Pachyurus  belong  to  this  group.  These  are  shown 
to  be  early  immigrants,  first,  by  the  fact  that  they  are  generically  dis- 
tinct from  their  oceanic  relatives,  and  by  the  fact  that  some,  at  least, 
are  found  in  the  plateau  of  the  San  Francisco.  They  could  not  have 
entered  this  region  after  the  formation  of  the  faJk  of  this  river^  and 
the  time  before  the  formation  of  the  falls  takes  us  back  to  the  time 
when  South  America  had  not  yet  reached  its  present  proportions. 
To  lower  the  continent  tp  the  upper  level  of  the  San  Francisco  falls 
would  submerge  nearly  the  entire  Orinoco,  Amazon  and  La  Plata 
valleys.    These  are  among  the  earliest  inhabitants. 

The  remainder  of  the  fauna  consists  of  members  of  (a)  the  widely 
distributed  dominant  family  Poeciliidae;  (6)  the  relicts  Lepidosiren 
and  Osteoglosus,  and  (c)  the  families  CichlidflB,  Characidse  and  the 
group  of  families  of  the  Nematognathi. 

The  distribution  of  (6)  and  especially  of  (c)  shows  conclusively 
that  the  fauna  of  tropical  South  America  has  had  a  common  origin 
with  that  of  Africa. 

The  fact  that  probably  not  a  single  genus  is  found  on  both  sides 
of  the  Atlantic  shows  that  the  time  of  separation  of  the  two  faunas  is 
remote.  The  absence  of  Cyprinidae  and  Mormyridae  from  South 
America  places  the  time  anterior  to  the  entrance  of  these  into  Africa. 

»  For  a  full  account  see  Reports  of  the  Princeton  University  ExpediHons  to  Pata- 
gonia, S,  1896-1899. 
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During  this  eariy  time  South  America  consisted  of  two  islands,  — 
the  east  Brazilian  plateau  and  the  Guiana  Highlands ;  possibly  abo 
of  a  chain  of  islands  where  now  are  the  Cordilleras.  The  points  of 
origin  must  lie  on  the  plateaus  of  Brazil  and  Guiana. 

Fortunately,  on  the  east  Brazilian  plateau  we  have  the  Rio  San 
Francisco  nearly  cut  off  from  surrounding  regions  by  high  falls, 
and  the  upper  Parana,  separated  from  its  lower  course  by  impassable 
falls.  Its  fauna  must  be  largely  uncontaminated  by  recent  develop- 
ments of  the  lowlands.  In  Guiana  we  have  the  Guiana  plateau 
culminating  in  the  Roraima  mountains.  From  this  plateau  all  rivers 
come  over  high  falls,  so  that  on  this  plateau  we  must  again  have 
remnants  of  the  original  fauna  uncontaminated  by  recent  develop- 
ments. The  desirability  of  investigating  the  San  Francisco  and  its 
surrounding  streams,  and  especially  the  Guiana  plateau  with  its 
surrounding  rivers,  the  Essequibo,  Orinoco  and  Branco,  must  be 
quite  evident.' 

With  the  gradual  elevation  of  the  continent  the  Orinoco-Amazon- 
La  Plata  basin  became  filled  and  elevated.  In  it  is  to  be  found  the 
largest  fresh-water  system  of  the  world.  This  system  became  popu- 
lated from  the  Brazilian  and  Guiana  plateaus,  and  itself  gave  rise  to 
unparalleled  adaptive  radiation.  From  it  have  migrated  southward 
over  the  Madeira-Paraguay  route  fifty  genera  that  have  not  suc- 
ceeded in  passing  from  stream  to  stream  along  the  east  slope  of 
the  Brazilian  plateau.  From  this  fauna  have  also  been  derived,  in 
comparatively  recent  time,  the  Pacific  slope  fauna,  which  is  less 
distinct  from  that  of  the  Amazon  than  the  fauna  of  the  coastal 
streams  of  the  east  Brazilian  plateau. 

The  number  of  elements  composing  the  South  American  fauna 
are  few,  but  these  have  undergone  unparalleled  radiation.  This  is 
shown  by  the  nematognaths,  and  especially  the  characins,  of  which 
there  are  about  seven  hundred  species  known. 

*  Since  this  was  written  one  of  mv  students,  Mr.  J.  Haseman,  has  collected 
in  the  Rio  San  Francisco,  and  I  have  been  on  the  Guiana  plateau. 
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F.  T.  Lewis. 

Model  of  a  young  human  embryo. 

W.  A.  Locy. 

Injected   and   dissected   chick  embryos   showing  fifth   and   sixth    aortic 
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A.   M.  Luts. 

Chromosomes  from  somatic  cells  of  Oenothera  lamarckiana^  its  mutants  and 
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O.Maas. 
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W.  D.  Matthew. 
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H.  F.  Nachtrieb. 

Lateral  line  system  and  other  features  of  Polyodon. 

W.  Patten. 
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C.  F.  Bousselet. 

Mounted  slides  of  Rotifera. 

C.  H.   Sternberg. 

Vertebrate  fossils. 

F.  B,   Sumner. 

Studies  of  the  seemingly  protective  coloration  of  the  gasteropod  Litorina 
palliata  (Say). 

B.  J.  Terry. 
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J.  W.  Van  ^jhe. 

Development  of  the  ohondrocranium  of  birds. 

J.  Warren. 

Paraphysis  and  pineal  region  in  Nedwrua  maculatua,  Lacerta  muraliSf  and 
Chryaemya  marginata, 

B.  Q.  WUder. 
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Photographs  of  brains. 
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B.   M.  Yerkes. 
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GENERAL  MEETING 

19  August,  1907 

The  meeting  was  called  to  order  by  the  President,  Alexander 
Agassiz. 

Mr.  Agassiz  welcomed  the  members  and  their  guests,  and  spoke 
on  the  former  scope  of  zoological  work  and  its  present  trend.  He 
outlined  briefly  some  of  the  results  obtained  by  several  of  the  expe- 
ditions engaged  in  deep-sea  work,  and  gave  in  more  detail  an  account 
of  the  part  taken  by  Americans  in  thalassographic  exploration. 
(See  ante,  pp.  55-59.) 

On  recommendation  of  the  Executive  Committee  the  following 
oflBcers  were  elected: 

Vice-Presidents 
Stephan  Apdthy  Richard  Hertwig 

William  Bateson  Geza  de  Horvdth 

Raphael  Blanchard  A.-  A.  W.  Hubrecht 

Max  Braun  Alois  Mr&zek 

Otto  Fuhrmann  Henry  F.  Osbom 

Giorgio  Ghigi  Paul  Pelseneer 

Ludwig  von  Graff  Vladimir  Schewiakoff 

Sh6zaburo  Watase 

Recording  Secretary 
Samuel  Henshaw 

Mr.  Agassiz  asked  that  all  delegates,  members,  and  participants 
who  had  not  received  a  card  of  invitation  for  his  reception,  honor  him 
with  their  company  at  the  Hotel  Somerset,  Wednesday  evening. 

The  following  letter  was  read : 

The  Seventh  International  Congress 
Boston,  U.  S.  A. 

The  Imperial  Warsaw  University  has  the  honour  to  send  greetings 
to  the  Seventh  International  Zoological  Congress,  and  to  wish  it  every 
success  in  its  scientific  labours. 

(Signed)  Rectob  Dr.  E.  Eabskli 
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The  President  asked  if  any  delegate  wished  to  address  the  Congress. 
None  responded. 

The  Secretary  stated  that  an  invitation  to  hold  the  sessions  of 
the  Eighth  International  Zoological  Congress  in  Monaco  had  been 
received  from  S.  A.  S.  le  Prince  de  Monaco. 

A  letter  from  Dr.  F.  A.  Bather  concerning  a  permanent  title  for 
the  publications  of  the  Congress  was  annomiced. 

The  Congress  authorized  the  distribution  by  Dr.  Derjugin  of  the 
notice  concerning  the  international  award  by  the  St.  P6tersbourg 
Society  of  Naturalists  in  honor  of  A.  O.  Kovalevsky. 

The  Secretary  stated  that  as  an  insuflBcient  number  had  registered 
for  the  excursion  to  Bermuda,  anyone  who  wished  to  join  in  such  an 
excursion  should  register  his  intention  with  Dr.  G.  H.  Parker  at 
once;  also  that  the  several  sections  of  the  Congress  would  be  called 
to  order  by  the  organizing  Secretary  and  that  each  section  would 
choose  its  own  oflBcers. 

The  President  stated  that  the  selection  of  the  place  for  the  next 
meeting  of  the  Congress,  action  on  Dr.  Bather's  letter,  on  the  report 
of  the  International  Commission  on  Zoological  Nomenclature,  and  on 
the  report  of  the  Conmiittee  on  the  work  of  the  Concilium  Biblio- 
graphicum  during  the  years  1904-1907  would  be  considered  by  the 
Council,  and  at  future  sessions  of  the  Congress. 

Prof.  Raphael  Blanchard,  Chairman  of  the  Committee  on  Prizes 
(ante,  pp.  29-31),  announced  the  award  of  the  Emperor  Nicholas  II 
Prize  to  Prof.  Lucien  Culnot  of  Nancy,  and  sketched  briefly  some  of 
the  results  contained  in  Professor  Cu6not's  memoir  (ante,  pp.  99-110). 
Professor  Blanchard  also  expressed  the  regret  of  the  Committee  that 
the  important  memoirs  of  Drs.  Loisel  of  Paris*  and  Standfuss  of 
Zurich  were  received  too  late  for  the  consideration  of  the  Committee. 
He  asked  that  the  Congress  accept  these  memoirs  for  publication. 
(See  ante,  pp.  111-127.) 

Prof.  Richard  Hertwig  addressed  the  Congress  on  some  new 
problems  of  cell  research.    (See  ante,  pp.  60-87.) 

It  was  announced  that  the  International  Commission  on  Zoo- 
logical Nomenclature  would  hold  an  executive  session  at  5  p.  m.  at 
the  Hotel  Bnmswick. 

The  meeting  then  adjourned. 

Samuel  Henshaw, 

Recording  Secretary 
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GENERAL  MEETING 

21  August,  1907 

The  meeting  was  called  to  order  by  President  Agassiz. 

Dr.  C.  W.  Stiles  read  the  Report  of  the  International  Commission 
on  Zoological  Nomenclature,  which  on  his  motion  was  tabled  for 
future  consideration. 

Dr.  Stiles  for  the  International  Commission  on  Zoological  Nomen- 
clature proposed  the  following  nominations  for  the  Conmiission 
Class  of  1916:  Dr.  F.  A.  Jentink,  Leyden,  Prof.  F.  E.  Schulze, 
Berlin,  Dr.  L.  Stejneger,  Washington,  President  D.  S.  Jordan, 
Stanford  University,  Prof.  F.  S.  Monticelli,  Naples. 

On  motion  the  nominees  named  were  elected. 

Prof.  W.  B.  Scott  presented  the  following: 

Report  on  the  Work  of  the  Conciuum  Bibuooraphxcum  during 
THE  Years  1904-1907 

Since  the  last  meeting  of  the  Congress  in  Bern,  the  Concilium  Biblio- 
graphicum  has  completed  the  first  deoide  of  its  existence.  This  period  has 
been  of  necessity  somewhat  experimental  in  character,  for  the  fimds  at 
the  disposition  of  the  Institute  have  been  quite  inadequate  for  a  full 
expansion  of  its  activity.  The  results  attained  are,  however,  such  as  to 
render  a  more  permanent  organization  of  the  work  in  our  opinion  highly 
desirable.  That  this  is  the  verdict  of  the  scientific  world  is  apparent 
from  the  tendency  of  existing  bibliographies  to  group  themselves  about 
the  Institute  as  a  natiu^al  centre.  It  has  come  about  that  the  sources  of 
information  to  which  the  zoologist  turns  all  depend  primarily  upon  the 
ConciUum.  Thus  the  bibliography  of  the  Zoologischer  Anzeiger  has 
now  for  four  years  been  completely  amalgamated  with  the  Institute. 
Following  this  example  the  bibliographical  part  of  the  Centralblatt  fiir 
Physiologic  was  in  1905  given  over  to  the  Concilium  Bibliographicum. 
Later  the  editors  of  the  Archiv  fiir  Protistenkunde  desired  the  Concilium 
to  undertake  the  publication  of  the  bibliography  of  Protozoology  founded 
by  the  lamented  investigator,  Schandinn.  The  first  issue  under  the  new 
editorship  is  now  in  press.  Furthermore,  four  other  existing  bibliogra- 
phies have  been  offered  to  the  Concilium  under  similar  conditions.  Fi- 
nally, four  new  bibUographies  have  been  planned  in  connection  with  the 
Concilium,  two  of  which  (electro-chemistry  and  forestry)  would  form 
independent  sections  of  the  work.  The  financial  condition  of  the  Insti- 
tute is  such  that  the  expansion,  which  all  of  the  above-mentioned  projects 
involve,  cannot  safely  be  undertaken. 

The  work  appearing  under  its  direct  editorship  gives,  however,  a  very 
imperfect  idea  of  the  dependence  of  the  zoologists  upon  the  Concilium. 
It  is  quite  evident  that  the  reviewers  employed  on  the  staflF  of  the  x\nimal 
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Records  and  Jahresberichte  cannot  each  undertake  to  work  through  the 
three  thousand  periodicals  that  appear.  For  their  crude  material,  as  a 
glance  at  their  work  will  show,  they  use  the  publications  of  the  Con- 
cilium. In  many  cases  the  reviewer  feels  it  indeed  necessary  to  make 
a  formal  acknowledgment  of  the  source  upon  which  he  drew. 

This  state  of  affairs  makes  it  vitally  important  for  the  permanence  of 
the  Concilium  to  be  completely  assured  for  the  future  and  it  is  desired 
on  the  occasion  of  the  first  gathering  of  the  International  Congress  in 
this  country  to  form  an  American  committee  with  the  object  of  raising 
funds  for  this  purpose. 

The  committee  proposes  to  the  Congress  a  vote  of  appreciation  and 
thanks  for  the  work  tiius  far  accomplished. 

StatUHcs  submitted  by  the  Director  of  the  Concilium 

To  give  an  idea  of  the  work  accomplished,  the  following  statistics 
will  prove  interesting: 

The  number  of  individual  primary  cards  issued  since  the  foundation 
of  the  Concilium  had  on  December  31st,  1906  attained  the  grand  total 
of  20,401,100. 

The  following  table  shows  the  total  number  of  entries  in  a  complete 
set  of  cards  arranged  by  subjects  and  by  authors.  The  years  refer  to 
the  date  of  publication  of  the  cards. 

A)  Subject  index  1896/1901     1902      1908      1904      1906      1906     Total 

1.  Palaeontology 

2.  General  Biology 

3.  Microscopy,  etc. 

4.  Zoology  » 

5.  Anatomy 

6.  Physiology 

Total 

B)  Author's  index 


7997  1436  1568  2113  2033  1711  16858 

585  93  200  233  126  148  1385 

910  107  169  167  137  141  1631 

63287  11059  12692  14626  16357  13074  131095 

6758  1224  2009  2148  2136  1610  15885 

3042        2644  2582  8268 

82579  13919  16638  19287  23433  19266  175122 

46666  6727  8319  9480  13064  9439 


Total     129245    20646    24957    28767    36497    28705    268817 

The  different  guide  cards  with  printed  classification  number  at  present 
1887,  of  which  293  are  for  Palaeontology,  14  for  General  Biology,  14  for 
Microscopy,  1279  for  Zoology,  98  for  Anatomy,  and  189  for  Physiology. 
Each  set  of  secondary  guide  cards  for  Zoology  and  Palaeontology  contains 
furthermore  83  cards. 

The  financial  situation  is  shown  by  the  following  table: 


Expenditures  up  to  the  31  Dec.  1906 
Receipts  up  to  31  Dec.  1906  .... 
Debt 


Fr. 


275,550.75 
252,670.32 

22,880.43 


Since  the  first  of  January,  adverse  circumstances  have  caused  an 
increase  of -the  debt  by  about  4,000  francs.  The  above  statement  does 
not  include  the  cost  of  the  new  buildings  of  the  Concilium,  since  the 
building  account  has  been  kept  open  until  all  accounts  have  been  settled. 
It  will  then  be  transferred  to  the  balance  sheet  of  the  Institute. 
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Those  working  on  the  staflF  during  the  period  under  review  have  been: 

Director 
Dr.  Herbert  Haviland  Field 

Assistants 
Miss  Marie  Riihl 
Dr.  Hermann  Jordan 
Dr.  Marie  Daiber 
Dr.  Tako  Kuiper 

Secretaries 
Miss  Leonie  Locher 
Miss  Lina  Miiller 
Miss  Marie  Horlacher 

Technical  Director 
Mr.  Adolph  Law  Voge,  M.  E. 

Three  typographers,  three  sorters,  one  errand-boy. 

It  is  of  interest  to  note  that  the  building  erected  for  the  Concilium 
brings  the  entire  work  under  one  roof  and  has  proved  itself  most  con- 
venient. 

It  was  voted  to  refer  the  Report  to  the  Council. 

On  recommendation  of  the  Executive  Committee,  Drs.  H.  C. 
Bumpus,  C.  B.  Davenport,  W.  J.  Holland,  L.  O.  Howard,  F.  S. 
Lillie,  E.  L.  Mark,  H.  F.  Osbom,  W.  E.  Hitter,  and  W.  B.  Scott 
were  elected  a  Committee  for  raising  funds  for  the  Concilium  Biblio- 
graphicum. 

Dr.  W.  T.  Homaday  called  attention  to  the  danger  of  extinction 
of  the  Alaskan  Fur  Seal,  and  offered  a  resolution  for  their  absolute 
protection  for  fifteen  years.  It  was  voted  to  refer  the  matter  to  the 
Council. 

Sir  John  Murray  addressed  the  Congress  on  some  recent  problem 
in  Oceanography,  discussing  the  physical  and  chemical  conditions 
of  the  ocean  as  related  to  animal  life,  the  movements  of  oceanic 
waters,  and  the  fauna  on  the  ocean  bottom. 

A  statement  from  the  section  of  Zoogeography  and  Thalassog- 
raphy  concerning  the  importance  of  the  study  of  the  Isthmus  of 
Panama  from  a  zoogeographical  standpoint  was  read  and  referred 
to  the  Council. 

After  the  announcement  of  several  items  of  business  the  meeting 
adjourned. 

Samuel  Henshaw, 

Recording  Secretary 
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GENERAL  MEETING 

23  August,  1907 

PREsroENT  Agassiz  called  the  meeting  to  order  and  announced 
that  by  vote  of  the  Council  the  sessions  of  the  Eighth  International 
Zoological  Congress  would  be  held  during  August,  1910,  at  Graz, 
under  the  presidency  of  Prof.  Ludwig  von  Graff. 

On  recommendation  of  the  Council  it  was  voted  that  the  Inter- 
national Zoological  Congress,  at  its  Boston  meeting,  desires  to  express 
its  appreciation  of  the  importance  of  the  study  of  the  biology  of  the 
fresh-water  region  of  the  Isthmus  of  Panama  from  a  zoogeographical 
standpoint. 

Here  the  faunas  of  two  great  oceans  formerly  met  and  are  now 
narrowly  separated,  and  here  the  fresh-water  faunas  of  the  two 
slopes  of  tropical  America  have  mingled  and  are  still  in  part  identical. 

Recognizing  that  the  completion  of  the  Panama  Canal  will  per- 
manently obliterate  existing  conditions,  the  Congress  desires  to 
endorse  any  plans  looking  to  the  thorough  biological  survey  of  the 
region  about  Panama. 

The  Report  of  the  International  Conmiission  on  Zoological  Nomen- 
clature read  at  the  meeting  of  21  August,  was  considered,  and  on 
motion  of  Dr.  Theodore  GiU,  adopted.     (See  arUe,  pp.  35-53.) 

By  recommendation  of  the  Council  the  Report  on  the  work  of  the 
Concilium  Bibliographicum  (meeting  of  21  August)  was  endorsed. 

Prof.  Raphael  Blanchard,  acting  for  the  Council,  asked  the  accept- 
ance by  the  Congress  of  the  offer  of  the  Soci6t6  Imp6riale  des  Natu- 
ralistes  de  Saint  P6tersbourg  for  the  establishment  of  a  prize  in 
honor  of  A.  O.  Kovalevsky  (ante,  pp.  32-34). 

It  was  voted  that  Professor  Blanchard,  as  permanent  Secretary 
of  the  Congress,  express  to  the  St.  P^tersbourg  Society  the  thcjnl^ 
of  the  Congress  for  this  liberal  and  welcome  gift,  and  tibiat  the  same 
be  accepted  on  the  terms  proposed. 

Prof.  W.  K.  Brooks  addressed  the  Congress  on  Heredity  and 
Variation  (see  arUe,  pp.  88-98). 

It  was  asked  that  all  papers  and  abstracts  of  papers  intended  for 
publication  by  the  "Congress  be  sent,  addressed  to  the  Seventh  Inter- 
national Zoological  Congress,  Cambridge,  not  later  than  15  Septem- 
ber, 1907. 

•  Prof.  A.  A.  W.  Hubrecht,  as  representative  of  the  various  dele- 
gates, congratulated  the  President  and  those  acting  with  him  on  the 
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great  success  of  the  sessions  about  to  close,  and  voiced  the  thanks 
of  the  delegates  for  the  courtesies  extended  during  their  too  short 
stay  in  Boston. 

President  Agassiz  replied  briefly  and  then  declared  the  Congress 
adjourned  to  meet  at  Graz  in  August,  1910. 

Samuel  Henshaw, 

Recording  Secretary 
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